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WALDEMAR KOCH 


My first duty, as President, is to pay a tribute to the memory 
of a worker v ho has fallen out of our ranks since the last meeting 
of our Society Waldemar Koch was only thirty-seven years of 
age v hen he died and he was young, therefore, as the y ears go, 
but he had attained ra Science a place which not rarely is the 
rev ard of later years only with others What he did accomplish, 
how ever, w as but the prologue, as it were, of a career of greater 
distinction which the years to come seemed abundantly to prom 
lse, and which he might hope to achieve That hope has been 
denied and we who know him can but deplore our loss as well 
as his — ours, because he w’as a worthy companion enrolled with 
us m the scientific legion To the older in its ranks to whom he 
seemed to be of the blood strain from v'hich leaders in the legion 
■me, as well as to the y'ounger to whom he was a loved comrade, 

. 3 remains and will remain a keen regret for his early fate, 
>ut therewith wall remain also a cherished remembrance, and a 
thankfulness that he marched w ith us, even for so short 3 time, 
towards the distant watch fires of Truth 
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PROCEEDINGS OF THE AMERICAN SOCIETY OF BIO- 
LOGICAL CHEMISTS 

PRESIDENTIAL ADDRESS 

THE ORIGIN OF MUSCULAR ENERGY THERMODYNAMIC OR 
CHEMODYNAMIC? 

IU \ 15 M \CALLUM 

The question of the Miurca and the mode of production of the 
cnerg\ eiohed in muscular contraction is one which has been 
regarded, e\cr «ince the experimental method was introduced m 
phjsiologj, as amongst the most fundamental and the most elu- 
si\e m tlie xs Iiole range of \ital phenomena It was early recog- 
nized that the problem required for its solution more data than 
were then available or were ascertainable and that the solution 
itself would liaxe to wait for those data indefinitely There were 
some who held that the problem was essentially an insoluble one 

There was, howexer, speculation and the first to advance an 
explanation based on rational grounds was J R Mayer, 1 2 w r ho 
m 1845 propounded the mow that muscle m doing u'orL conducts 
itself as a thermodynamic machine or heat engine, in which heat 
is produced bv the combustion of material m the muscle and a 
portion of the heat so produced is transformed into work This 
view , although it had the support of a number of isolated thinkers 
on the subject, was not generally received and as late as 1879 
Hermann 5 rejected it on the score that there was not a single 
fact to be adduced in its support Three years later, that is, 
in 1882, Pick 3 formulated definitely the objections to the theory 
He pointed out that if muscle is a thermodynamic engine it must 
work m accord with the second law of thermodynamics Now 
m every thermodynamic machine, as, e g , the steam engine, the 

1 Mayer, J R Die orgatnsche Bewcgung in xhreti Zusammenhang mil 
dem Sloffwcchscl, Heilbronn, 1845 

2 Hermann, L Handbuch der Physiologie, i, Pt 1, p 247, 1877 

* Pick, A Mechanvschc \rbeit, 1882 
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process by which work is produced can only be carried out by the 
passing of heat from one body of higher temperature A to another 
of lower temperature B under such conditions that a portion of 
the heat so transferred is converted into work The quantity 
of heat so converted, that is, the amount of work done, can be 
ascertained accurately provided that the quantity of heat trans- 
ferred is known as well as the temperatures of A and B and of 
the medium by which the transfer is accomplished and provided 
also the final state of this medium is the same as its initial 
state The amount of work so produced is represented m the 
equation 

m which Q 0 indicates the quantity of heat energy converted into 
work, Q the amount of heat passed from the body A of higher 
absolute temperature, T u to the body B of lower absolute tem- 
perature, 7k, and T a the absolute temperature of the medium 
Under the most favorable circumstance T a = Ti and m the most 
efficient engines Q 0 — £ Q Accordingly, in muscle, which, if a 
thermodynamic machine, must be considered as a highly efficient 
one, T : can only be the absolute temperature of the body or 
273° + 37° = 310°C and, therefore, by the equation, T\ = 387° 
or 114°C This involves a very much higher temperature than 
has been postulated to occur in muscle during contraction while 
the actually observed temperature after a single contraction does 
not exceed 0 0Q1°C above that of the same muscle at rest This 
makes it impossible to suppose that the quantity of work resulting 
could be developed m this manner 
That muscle can under circumstances which are of course un- 
usual develop energy into work thermodynamically Fick does not 
deny but m such cases the quantity of heat transformed into 
work is so small that it does not help us m believing that the 
transformation of heat into work occurs in ordinary muscle con- 
traction An instance of this he gives A muscle, extended by 
a weight at 20°C is warmed to 30°C It shortens and lifts the 
weight It does additional work if it is gradually unloaded at 
this temperature until the attached weight = 0 It is then cooled 
to 20°C in order to allow it to resume its ordmarj or unextended 
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length characteristic of that temperature It is now extended by 
gradually increasing weight till the latter is as great as m the 
fir^t mstanec It is no\s ro-w armed to 30°C when the work done 
is represented by the weight raised multiplied by the distance 
through which it is raised In these tw'o cycles the muscle received 
heat from outside and 1 portion of it is transformed into work, 
which, bower or, is small m amount but its production is in 
accord with the second law of thermodynamics 

With the rejection of the thermodynamic hypothesis there re- 
mained two other lnpothescs, one, that the energy of muscular 
contraction is domed from electrical energy, the other that it 
is domed from the oncrg\ of chemical attraction Regarding 
the former little need be s nd It did not attain any currency 
or influence speculation or stimu! ite experiment and, further, as 
a theor\ did not render intelligible m any respect any portion of 
the problem as to the origin and mode of production of the energy 
of muscular work 

The second of these two theories, that winch postulates that 
muscular contraction results from the action of the attractive 
forces of molecules and atoms on each other had the support of 
Fick , 4 Pflugcr 5 and others This theory' assumes that the mole- 
cules, on the combination of which muscular contraction depends, 
are arranged within the contractile substance of muscle fibre in 
such a way that, when the excitant action develops, they approach 
each other in the direction of the long axis of the muscular fibrils 
and thus there results a shortening of the latter This theory is 
accordingly' known as the chemodynamic theory' It was, until 
recently, practically' the only resort for those who rejected the 
thermodynamic origin of muscular contraction but it also had 
its critics who claimed that it did not m the ultimate analysis 
afford any r intelligible explanation of the phenomena of contrac- 
tion Engelmnnn pointed out that m a gram of muscle the ele- 
ction of temperature produced by one contraction, namely', 
0 001°C or 0 001 calorie, postulated a combustion of one-four 
thousandth of a milligram of carbohydrate or one-four millionth 
of the muscle substance This minute portion, set m a soft 

4 Tick A Mcdizimschc Physik, 3tc Aufl , p 206, 1885 

‘ P/luger, E F W Ueber die physiologische Verbrennung in den leben- 
digen Orgamsmen, Arch f d ges Physiol , x, p 329 
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watery mass, must, as required by the theory, set four million 
paits, less one, in motion m order to bring about contraction 
There is a further inherent difficulty The molecules which gen- 
erate the moiement are so sparsely distributed m the muscle 
substance and, therefore, so far from each other that the distance 
between any two of them must be far greater than the distance 
through which molecular attraction is effective 

Engelmann 0 accepted the thermodynamic explanation of the 
origin of muscular energy He recogmzed and admitted that the 
temperature demanded m the source of the energy m the muscle 
to account for the amount of work done must be high, while the 
temperature observed is so low that it does not exceed at the 
most 0 005° and usually only 0 001°C for each muscle twitch, 
but lie explained that this is an average temperature for the whole 
muscle while the points where the heat is generated are infinitesi- 
mal m size At a very minute distance from each of these points 
the temperature must fall so lou as to be harmless to the muscle 
substance around each point The muscle will no more be de- 
stroyed in this fashion than a steamship will be destroyed bv 
heating the furnaces “The material of combustion only will be 
destroyed, the vessel as a whole remains unharmed ” 

Engelmann advanced some facts m support of his view He 
attached a moistened catgut violin string by one end, the lower, 
to a base and by the other to a lever which may carry a weight 
Wound round the string, but at some distance from the latter, 
iv as a spiral of platinum wire whose ends were connected with 
the poles of a Bunsen or Grove battery of three or more cells 
The base with the string and spiral was immersed m water m 
which at ordinary temperature the length was constant although 
under a weight of 25-50 grams If a current were sent through 
the wire for some seconds, the water inside the spiral and about 
the string was heated quickly, the string immediately shortened 
and the lever inscribed a curve on smoked paper m many respects 
like the curve of the normal single twitch of a frog’s muscle In 
this was found what may be called a latent period, a period of 
quickly developing shortening followed by a period of gradually 

8 Engelmann, Th W Ucbcr den Ut sprung dcr Muskelkraft, 2te Aufl , 
Leipzig, 1893 On the Nature of Muscular Contraction, Proc Roy Soc , 
lvu, p 411, 1895 
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decreasing relax ltion Further, the strength of tlie shortening 
power mere wed with t lie load up to a certain point The con- 
traction could lie repeated ns often 'is wished ind the result ivas 
the same 3 lie s imo phenomena were m mifested bj a caoutchouc 
strmg 

In these experiments the he it supplied to the string w r as derived 
from the current passing through the wire A portion of the 
heat reeened In the string w is trinsfonned into work Engel- 
mann associated tins power to coinert heat into work with the 
doubh-rcfrnctnc material which exists m violin strings of the 
type lie u«cd, in caoutchouc bands, as well as in muscle fibre and 
he regarded the doubh -refract i\ c substance as directly concerned 
in this transformation 

Tiie«c mows of Engelmann were ndxanced in 1S93 and again 
m IS95 and the\ were criticized by Fick 7 who maintained that 
the} were inadequate to explain the mode of production of the 
energ} of muscular contraction He pointed out that the xiohn 
stnng shortening and relaxing in the apparatus employed by 
Engelmann did not fulfil the conditions demanded in a reversible 
thermodx namic machine of the Carnot type or of that of Clausius 
Also the amount of work performed by such a string is so small 
as to be almost negligible Fick calculated that the transsectional 
area of Engelniann’s apparatus was 3 cm 5 and the length of the 
string 2 cm It lifted 50 grams to a height of 0 5 mm A muscle 
of like sectional area and like length would at least raise 10 kilos 
through the 'ime distance, that is, it would do two hundred 
times as much work Moreover Fick estimated that in a muscle 
of 1 cm ■ in cro=s section the motagmata, or doubly refracting 
elements w Inch, according to Engelmann, transformed heat into 
work do not, all told, give a transsectional area of more than 
0 01 mm - and } et these delicate elements are supposed to develop 
al) the energy of muscle contraction 

Since 1895, the thermodynamic hypothesis has undergone a 
transformation which is largely the result of the general accept- 
ance of the van’t HolT-Arrhcnius theory of solutions This theory 
postulates that substances, electrolytes and non-electrolytes, dis- 
solved in a fluid are in a gaseous condition and thus exercise within 

1 Pick A Einige Bcmcrkungcn zu Engelmann’s Abhnndlung tiber den 
Ursprung dor Muskelhraft, Arch f d ges Physiol , lui, p 611, 1893 

THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL XTV, NO 2 
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the limits of the solution gas pressures equal to their concen- 
trations If now two fluids, one containing solutes and the other 
pure, be separated by a movable, semi-permeable membrane the 
latter will, according to the theory, be displaced, dnven as it 
were by the pressure of the molecules and ions of the sohite, 
through the pure fluid just as the plate of a piston in a steam 
cylinder is driven by the head of pressure of steam behind it 
Such a displacement of the membrane postulates of course that 
water or the pure fluid passes through the membrane, in other 
words, that the solution is diluted and increased in volume If 
a piston rod is connected with the membrane, work, that is, 
mechanical energy, may be produced It is now possible to re- 
verse the process by partially freezing the solution and removing 
therefrom the ice crystals thus formed, the w r ater from which is 
added to the fluid on the other side of the membrane The latter 
is then displaced in the opposite direction, w'ork is again done 
and the sj stem is once more m the initial state, that is, ready to 
begin the 03 cle of operations over again 

This is indeed the Carnot principle with but a slight variation 
and it is the fundamental meaning of all the views based on the 
principle of osmotic pressure which have been advanced to explain 
muscular contraction This is, therefore, the significance of the 
theories advanced by McDougall, 8 Pauli 3 and others, w'hich account 
for the contraction of the sarcostyles m muscle fibres, by the pas- 
sage of water into them from without, causing them to swell and 
thereby to shorten This process of “ Quellung” or imbibition must 
be due to a force inside the sarcomeres like that which operates 
m. the solution on one side of the semi-permeable membrane and 
causes the water to pass through the latter from the other side, 
that is, the pressure, whatever may be its causation, which obtains 
in the interior of a sarcostj le at the moment of excitation is 
greater than the pressure m the sarcoplasm The origin of this 
pressure may be due to a greater number of molecules, or of 

» McDougall, W On the Structure of Cross-striated Muscle and a Sug- 
gestion as to the Nature of its Contraction, Journ of Anat and Physiol , 
xxxi, p 410, 1807, also A Thcorj of Muscular Contraction, i bid , xxxn, 

p 187, 189S , „ , , 

•Pauli, Wolfg Kolloidchcmie der Must ellontrad lion, Dresden ana 

Leipzig, 1912 
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molecules and ions of lac, I k lud, for instance, or it may be due 
to ion-proteins, formed from imons and proteins, which cannot 
pass througli meinhrmcs and \et cxeit an osmotic pressure Tins 
is pncticalh P mil’s explan ition of the hydratismg powers of 
colloids on which the "Qucllung” or imbibition, and thereby also 
the contraction of muscle fibres, are based 

It is a ran irk iblc fact that all these tbeoncs are often classified 
is chcrnodj imtnic, ipparcntly bee liisc they make use of concepts 
ind theories of phi sic ll chennstrv which, it is forgotten, are 
largeh b ised on thermodynamics It is indeed generullj' accepted 
tint the ultimitc source in muscle fibres of the energy of con- 
triction i" to be found ultimately m certain organic compounds 
which on combustion Held their cncrgj m the kinetic form and 
so f tr it nm\ be said th it the energi of muscular contraction is 
chemodyn inuc, but the cncrgj given out is work in a gas engine 
is domed from the explosne combustion of the gas employed 
md iet we do not consider the gLs engine a chemodynnmic but 
a thermodj mimic machine 

The chemodytininic tlieorj th it w is icceptcd bj Pick, Pfiuger 
and others w is based pureh on the chemical affinity between 
oxjgen on the one hand and carbon and hydrogen of organic 
compounds in muscle fibres on the other, and when the muscle 
fibre is under the influence of excitation this affimtj w r os supposed 
to be allowed free play with the result that carbon and hydrogen 
atoms moved rapidly tow ard oxygen atoms or vice versa As tins 
line of movement was supposed to be in the long axis of the muscle 
fibre it postulated that the latter shortened Here the primary , 
the fundamental, force, the sole force concerned, was supposed 
to he the attraction exercised on each other by the atoms of the 
subxt mces involved in the combustion, md osmotic pressure was 
supposed to function only to the extent of promoting the diffusion 
into the muscle fibres of the material undergoing combustion and 
the remoi al of the waste products 

The osmotic principle if it plays the part in promoting muscular 
contraction required in the theories of Pauli, McDougall and 
otheis is a thermodynamic one and it is, m consequence, open 
to all the objections that Fick urged against thermodynamic 
explanations in general of muscular contraction There are others, 
one of which concerns the time which explanations based on osmo- 
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sis demand The process of imbibition involves the time factor 
It is impossible to conceive that water will flow into the sarcostyles 
from the sarcoplasm, not m a third or a tenth of a second, only, 
but as m the case of the wing muscles of insects, m less than one- 
two thousandth of a second Meigs tnes to meet such a difficulty 
by suggesting that imbibition is not less rapid than it is m the 
case of a cotton string brought in contact with water for a fraction 
of a second It may be pointed out that the time involved, 
though less, perhaps, than a second, is much greater than that 
postulated in the muscle fibre and that water penetrates the 
interstices of a string through the action of capillarity, a factor 
which does not play a part m muscle contraction according to 
the “Quellung” theories, based, as already indicated, on osmotic 
pressure 

Another fundamental objection to be urged against the “Quel- 
lung’' theories is that the volume of each of the doubly-refracting 
discs of the sarcostyles m contraction is not, according to Schafer, 10 
appreciably different from that of the discs m the relaxed condi- 
tion and this Hurthle 11 confirms McDougall, also, admits that 
he was unable to find an increase in volume of the sarcomeres 
vhen they contracted Schafer, further, points out that m many 
muscles, for example, those of insects and of vertebrates, the 
sarcoplasm between the sarcostyles is too small m quantity to 
account for the necessary increase of volume of the sarcomeres 
involved according to the theory — even if the whole of the sarco- 
plasm were absorbed by the fibrils He urges, moreover, that 
insect wing muscle fibres contract freely in hypensotonic solutions, 
that is, fluids m, which the osmotic pressure greatly exceeds that 
which obtains m the interior of the sarcostyles 

Founded on the osmotic principle also is the theory of Zuntz, r 
advanced in 1908 This differs from the theories of McDougall 
and Pauli only in that it is most frankly thermodynamic Zuntz 

10 Schafer, E A On McDougall's Theory of Muscle Contraction, etc , 
Quarterly Jovrn of Exp Physiol , hi, p 63, 1910 

“Hurthle, K Ueber die Struhtur der quergestreiften Mushelfasern 
\ on Hydrophilus un ruhenden und tatigen Zustand, Arch f d ges Physiol, 

cxxvi, p 125, 1909 „ , 

n Zuntz, N Die Kraftleistung des Thierkorpers, Feslrede zur teieraes 
Geburlstage Sr MajeslSl dcs Kaisers, etc , am S6 Januar 1908, Berlin, 190S 
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estimate- flint, cnch rod in n -arco-t> le having a height of G/z and 
n diameter of 1 m, there would be about 5 X 10 10 of such rods in 
a segment of muscle of 1 cm ! sectional area and 1 cm length 
and these would lmc a surface nrci of S928 cm 5 available for 
osmotic work Inside of these rods combustion takes place at 
the beginning of contraction and the carbon dioxide formed is 
sufficient under ordinnn conditions to give in osmotic pressure 
of about I grams per 1 cm 5 , but as the temperature of combustion 
is G-100 o C fins pressure is raised to 1G2 grams per 1 cm s Tins 
latter exceeds the pressure in the sarcoplasm and m consequence 
w ater quicklj passes from the sarcoplasm into the sarcostyles, 
each rod of which swells and assumes a spherical shape and, m 
consequence, the muscle contracts Immcdiatelj thereafter the 
heat radiates from the rods into the sarcoplasm, the pressure 
falls and water passes out of the rods and therewith also carbon 
dioxide and other products formed inside the sarcostyle at the 
moment of contraction The radiation of heat, the fall of pres- 
sure and the passage of water from the rods arc all coincident 
rntli and cause relaxation of the sarcostjles, that is, the muscle 
lengthens 

There arc several objections to be urged against this theory 
some of which have been advanced against the "Quellung” theo- 
ries These are the enormously high temperature postulated, the 
rate at which diffusion of water into and from the sarcostyles 
must take place and the impossibility of explaining how r the mem- 
brane enclosing the rods should at one moment be impermeable 
to carbon dioxide and in less than 0 001 second thereafter become 
readily permeable 

A temperature of over G000°C m the rods of the sarcostyles 
is unthinkable It would destroy the organic matter completely 
at the point w here it would be produced and it would cause dis- 
sociation, not only of the carbon dioxide into carbon monoxide 
and oxygen but also of some of the water molecules into hydrogen 
and oxygen Vesicles filled with carbon monoxide, hydrogen and 
oxygen would be formed and laceration of the internal structure 
of the rods would ensue 

The rate at which diffusion of water into the sarcostyles takes 
place is estimated by Zuntz to be extraordinarily rapid as indeed 
it would have to be theoretically Assuming that oxygen diffuses 
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m muscle as rapidly as it does from the capillaries of the frog’s 
lungs through the intercapillary tissue of the latter, he calculates 
that 0 0012 second would be required for the oxygen to pass from 
the sarcoplasm to the centre of a sarcostyle and that, as diffusion 
of a substance occurs at a rate directly as the square root of its 
molecular weight, water would pass from the sarcoplasm into 

the centre of the sarcostyfes m — — ? _ _ second or about 

l x 32 

0 0008 second This would provide a velocity more than suffi- 
ciently great to account for a contraction which lasts only 0 03 
second According to the same calculation the carbon dioxide 
at the same tension would diffuse from the sarcostyle into the 
sarcoplasm in 0 0019 second but much more rapidly than this at 
the tension which would obtain m the sarcostyles when the con- 
traction develops There would, therefore, be little or no diffusion 
of water into the sarcostyles if the superficial membranes of the 
latter were permeable to the carbon dioxide at that moment 
If impermeable how do they become permeable when relaxation 
is to begin? Zuntz offers no explanation of this Indeed he is 
silent altogether on this point 

Zuntz estimates also that the volume of the sarcostyles would 
m a strong contraction increase about 84 per cent Here too 
may be urged the fact that McDougali, Schafer and Hurthle have 
been unable to find any increase m volume of the sarcostyles in 
contraction 

It follows from all this review that the "Quel lung” theories of 
muscle contraction present difficulties* which are almost as great 
as the problem w hich they are intended to solve or explain They 
are all based on the hypothesis that the breakdown of the com- 
pound responsible for the production of the heat of a muscle 
contraction immediately precedes or completely synchronizes with 
that contraction This, as A V Hill 13 has pointed out, is very 
doubtful We have no means of demonstrating this synchronism 
if it obtains Another assumption, sometimes explicitly, some- 
times tacitly made, is that this heat is denved from the com- 
bustion of a carbohydrate that is, of a glucose or glucose-holding 

u Hill, A V The Heat Production of Surviving Amphibian Muscles 
during Rest, Activity and Rigor, Journ of Physio ! , xliv, p 466, 1912 
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both, where us the work of Fletcher, Hopkins and HiH seems to 
indie \<c tint it is produced in the breakdown of a lactic acid 
complex which sets free tint, icid and at t lie same time more 
heat than is produced in the complete combustion of glucose 
In the presence of 0x3 gen this complex is built up again out of 
the lactic acid and other products of its breakdown and in that 
s\nthcsis licit onerg\ is truisformcd into chemical, that is, poten- 
tial cnerg3 

These obsera ations seem to gi\c 1 new ispect to the question 
of the origin nid mode of production of muscular energy They 
do not, of course, dispose final!} of the "Qucllung” theories 
These are, is nlrcad\ indicated, open to serious objections on 
their own score done What is shown is that the processes in- 
voiced are not «o simple as postulated in the hitherto advanced 
thermode nanne il theories of muscular contraction 

It is cudcnt al«o that we cannot account for the energy of 
muscular contraction on the basis of a chcmodynnmic process such 
ns Verw orn and others held The difficulty involved m the accept- 
ance of such a chemochnamie tlioorj was clearlj indicated by 
Engclmnnn and the objection is irrefutable in view of the results 
of Fletcher’s, Hopkins’ and Hill’s investigations Must ive then 
after all fall back on some thermodynamic explanation 9 

j\Iy mswer to this is that w r e have still an explanation which 
is not a thermoda nnmic one and yet is not chemodynamic in the 
sense of that term as employed by Fiek, Pfluger and Verw orn 
This explanation postulates as the chief factor in muscular con- 
traction the attraction between the molecules, constituting the 
superficial film of a sarcostyle and forming an interface watli the 
sarcoplasm surrounding the sarcostyle This attraction is the 
cause of the surface tension m the superficial film of every fluid, 
sertu-fluid, or semi-viscid system and obtaining, therefore, m the 
superficial film of each sarcostyle In the doubly-refractive discs 
of insect wang muscle fibrils the tension is not equal throughout 
the w'hole of the surface film because the structure is not spherical, 
u r hich it should be if the tension w r ere uniform This view is 
supported by the fact that potassium salts wdiich are present in 
the doubly-refractive discs are localized or condensed at the ends 
of their longitudinal axes, a fact I hold due to the Gibbs-Thomson 
principle, according to which condensation of salts and other 
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solutes in a system is effected where the surface tension is lower 
than elsewhere This indicates that the surface tension is lower 
at the ends of the discs than on their lateral or longitudinal sur- 
faces When the discs contract they tend to become spherical 
and can be seen to assume a greater curvature on their longi- 
tudinal surface, a result which would indicate that either the 
terminal faces develop a greater surface tension or the longitudinal 
surface film suffers a decrease I am inclined to regard the latter 
as the correct interpretation 

How this decrease is brought about is another question If the 
nerve impulse is merely a change of potential travelling along a 
nerve, its arrival at the surface of the fibnl would dimm ish imme- 
diately and for a moment the attraction between the molecules 
on which surface tension of the superficial film depends, each 
sarcous disc would become more spherical and the muscle would 
shorten The diminution would develop, when initiated, m less 
than one-ten thousandth of a second and it would continue as 
long as the charge remained ra the longitudinal surface of the 
disc 

One can, with this explanation, account for the other phenomena 
of contraction The breakdown of the lactic acid precursor is 
one of these It is an observed fact that chemical action at 
interfaces is more intense than throughout the systems forming 
the interfaces, especially when the tension of the latter is lowered 
A momentary diminution of the surface tension on the longitudi- 
nal surface of the sarcous discs would tend to promote chemical 
change and this would possibly involve the breakdown of the 
lactic acid precursor On the reestablishment of the surface ten- 
sion in its original strength the reverse chemical action would 
develop, perhaps at the expense of the heat of the breakdown 
process or of the combustion of other constituents of the sarco- 
styles or sarcoplasm, or of both the sarcostyles and sarcoplasm 

The inequality of surface tension in the sarcous disc must con- 
stantly involve the expenditure of energy, energy set free in the 
metabolic processes which go on m the resting muscle In the 
resting muscle the repair or restorative processes keep pace with 
those of the breakdown which are accentuated m the contracting 
muscle while in the relaxing the restorative predominate It may 
be that the superficial molecules are formed of the lactic acid 
precursor 
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This cxplan it ion of the origin of muscular energy 1ms the merit 
of being consistent with the motor function in amoeboid move- 
ment of protoplasm, in cili.a, and in the contractile stalk of Vorti- 
cdla which is general!} accepted as a surface tension effect It 
falls mto line with the mow that m the interior as well as on the 
exterior of hung matter e\olution has been at w r ork without a 
break in contmuit\ from the simplest form to the most complex 
and that everything m the highest form of life is potentially m 
the lowest Surface tension is the force which in the low r er organ- 
isms is the «o)e factor m the motor function Can we bring our- 
seh cs to regard it as a lost property in highly specialized structure 
like muscle fibre and accept the contractility of the latter as due 
to an ad hoc principle exemplified nowhere else than m striated 
muscle fibre 7 The free energy on the surface of living matter 
or of the interfaces between its different parts, is the most readily 
axailable of all the energy m such a system and the evolutionary 
principle must hn\e developed out of that free energy a force 
which m its highest or most specialized form is as remote from 
the simple surface tension of a mass of primitive sarcode only 
as the steam engine is from the steam kettle 

It, of course, may be urged that in the final analysis the rational 
conception of muscle as a structure whose function is to produce 
mechanical work involves the thermodynamic principle I am 
not inclined to deny that, for the point of view must depend, in 
this case, on the definition of the terms used It can be said 
that the bent steel blade is a part of a thermodynamic engine 
because it can produce w r ork from the energy stored up m the 
elastic strain but derived originally from heat energy employed 
m bending the blade The high surface tension on the lateral or 
longitudinal surface of each sarcous element is like the energy 
stored in the bent steel blade and if it could be proved to be derived 
directly from the kinetic energy derived from metabolism m each 
sarcous disc the latter would be a heat engine It would, how- 
ever, be otherwise if the energy of surface tension were only 
remotely, not immediately, of kinetic origin If immediately of 
chemical origin does the second law of thermodynamics apply 
here 7 In a Darnel cell, which may be looked upon as a chemical 
engine, practically all the energy liberated appears as electrical 
energy and as much of it as 90 per cent may be converted mto 
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mechanical eneigy and could we get rid of friction theoretically 
the whole of the original energy liberated could be so transformed 
To bring the cell back to its initial state an equivalent amount 
of electrical energy must be sent into the cell in the opposite 
direction and that amount may be produced by a heat engine 
turning a dynamo The cell is, therefore, at least one degree 
removed from a thermodynamic machine and may be classed as 
a chemical engine In that respect the sarcous disc is, I hold, 
also a chemical engine 

If, consequently, surface tension is the dominant factor m the 
production of muscular contraction muscle is not a heat engine 
but a chemodynamic one The advantage of this point of view 
over that of the thermodynamic one lies in the fact that the 
theory concerned seems, in the language of the pragmatist, “to 
work” and it enables us to avoid labored explanations of the origin 
of muscular eneigy involving the cult of the ion and the semi- 
permeable membrane, or attributing thaumaturgic and inscrutable 
properties to colloids 

NOTE 

Attempts have been made to estimate the total surface energy avail- 
able m muscle, based on a postulated value of the surface tension of proto- 
plasm What this latter is is not known but Bernstein assumes that it 
is approximately that of oil in contact with water, that 18 22 dynes per 
centimeter He assumes also that when muscle contracts the tension is 
mcieased in order to yield the absolute force of muscle and the energy to 
overcome the elasticity of muscle What the increase must be depends on 
the degree of fineness of the fibrils If each of the latter has a diameter 
of 19 988 X 10 -6 cm (= 2 p) and the force is 3000 grams the surface tension 
in contraction is 326 dynes per centimeter and that of the resting fibril 
would be 22 dynes per centimeter With fibrils having a diameter of 2 X 
10 -5 cm (= 0 2n) the surface tension of contraction would be 36 dynes 
per centimeter or an increase of 14 dynes above the postulated surface 
tension value of testing muscle fibrils 

The firmness of the muscle fibrils is in itself an indication that their 
surface tension must be greater than that of oil in contact with water 
Further, as Jensen has pointed out ( Anal Hcfte, xxvn, p 842), a thread 
measuring 1 mm in diameter formed of the plasmodium of Chondnoderma , 
a Myxomycete, may, when it is in the dense condition, bear up a weight of 
nearly a gram If the force engaged is surface tension it would amount 
to about 6000 dynes per centimeter If the threads were more fluid there 
would bo a decrease in this value but even at one-fiftieth dilution the ten- 
sion would be 120 dynes os compared with 73 dynes for water 
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Jii OrhtloliU <, i in inm 1 or iiiiiinfi r, IheMirfaco tension of its ry toplasmn 
ng mist water is 10 chins 1 lie citoplnsnin in (Ins form is \cr> •fluid and 
mobile mil n>, therrfon in i entrant in tins respect with the plnsmodti 
of Mwotmeetrs mil \er\ possible also with the materin! constituting 
muscle filirils ind the sireoplnsin i nhout them 

!( is not improbable therefore, (hit surface tension may lie vcr> high 
in some forms of lning ninth r ind \erj low in others nnd, consequently, 
i stimntcs of the surface enrrgv dern eel from a muscle in contraction, bnBcd 
on the supposition that its fibrils luuc a surface tension as low as that of 
oil m cont ict with water are, though interesting, fnr from being of assist- 
ance to us in attempting to re ich a solution of the problems involved 
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THE EXCRETION OF PURINE CATAB OLITES IN SUNDRY TYPES OF 

MAMMALIA 

By MAURICE H GIVENS and ANDREW HUNTER 

(front the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca, NY) 

Allantom has been isolated from, and shown to be a regular 
constituent of, the unne of the rabbit, horse, pig, cow, dog, cat, 
coyote, monkey, and man To this list we can now add the 
opossum, porcupine, guinea-pig, sheep, and raccoon In the case 
of the opossum, guinea-pig, sheep, coyote, and monkey we have 
collected a number of data bearing upon the extent of its daily 
excretion in starvation or on a punne-free diet, and upon the 
relation of the same to the simultaneous excretion of uric acid 
s and punne bases Our results in regard to the latter point are 
summarized m the following table, in which, for the sake of com- 
parison, we have included (in brackets) a variety of related data 
from other sources 


ORDER 

Marsupialia 

Rodentia 

Ungulata 

Carnivora 

Primates 


BPECtEB 

PER CENT OF TOTAL ALLANTOIN PURINE 
nitrogen 

Allantoln 

Uric acid 

Purine basee 

Opossum 

73 

21 

6 

(Rabbit) 

94 

6 


Guinea-pig 

93 

5 

2 

(Horse) 

79 

21 


(PiE) 

89 

2 

9 

Sheep 

72 

12 

16 

(Dog) 

97 

2 

1 

(Cat) 

97 

3 


Coyote 

96 

0 

4 

Monkey 

74 

0 

26 

(Man) 

2 

90 

8 


xxiv 
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■\Mnlc m o\or\ ow but Hint of mnn nllnntoin appears ns the 
principal product of purine catabolism, it is apparent that its 
r61c is decidedly more prominent in some species than in others 
So far as thc\ go, the figures suggest that for eacli order there is 
a characteristic “allnntom ratio ” Its values are such as to indi- 
cate that oncolytic power is greatest in carnivores, nearly as 
great m rodents, decidedly less in ungulates and marsupials, and 
practically absent m man V stnet evolutionary sequence is not 
apparent, although the extension of the investigation to other 
epecics and orders may re\ eal one The work is being continued 
from this point of view 

STUDIES OF THE EXCRETION OF ACID 

Br LAWRENCE J HENDERSON and WALTER W PALMER 1 * 
(From the Chemical Laboratory, Ufassachusclts General Hospital ) 

In c-xpenmcntal studies arising from the views expressed in an 
earlier paper by one of us, 5 a large number of observations upon 
the excretion of acid in urine have been made 

The concentration of ioni7ed hydrogen has been estimated m 
about 2500 samples of urine from about 500 individuals, of whom 
about one-third were normal The normal mean appears to be 
very nearly IX 10~® N until a range of reaction from 3 X 10- s n 
to 1 X KH x The mean m pathological cases is often high, and 
in many" instances is 5 X 10 -5 n, or higher, with a range from 
3 X JO- 8 X to 2 X 10- 5 N 

We have never found a significant diminution of acidity in 
pathological cases, nor in any case, normal or pathological, a 
degree of alkalinity greater than that of blood, save after the 
administration of alkali 

We have confirmed the observations of Sellards 3 * upon the action 
of ingested sodium bicarbonate upon the reaction of the urine 
and have found a variety of cases m which large quantities of 
alkali were without effect upon the hydrogen ion concentration 

1 Henry P Walcott fellow in Clinical Medicine, Harvard Medical School 

1 L J Henderson A Critical Study of the Process of Acid Excretion, 
Journ Biol Chem , lx, p 403, 1911 

3 A W Sellards The Determination of Equilibrium in the Human Body 

between Acids and Bases with especial reference to Acidosis and Nephro- 

pathies, Bull Johns Hopkins Hosp , xxm, p 289, 1912 
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Further, we find that such cases, wffien once the urine has been 
made alkaline, upon discontinuing alkali until the urine is once 
more acid, respond to alkali in a normal manner This observa- 
tion leads us to believe that Sellards’s term “tolerance” is inexact, 
that the phenomenon is due to a dram of alkali from the body 
and is, in fact, a real test for the condition of acidosis These 
observations extend to a much larger variety of cases, in which 
more accurate estimations of hydrogen ion concentration were 
made, than have been observed by Sellards, and were made before 
we were aware of his work 

We ha\ e also studied the quantity of acid excreted in the urine 
(excess of acid plus ammonia) in a large number of cases The 
two fractions of acid excretion appear to vary independently, 
though they are more nearly parallel in normal cases, in which 
the two moieties are likely to be nearly equal 
The ammonia appears to be an index of the degree of acidosis 
only m those cases w r here /3-oxybutyric acid is produced 
The relation between hydrogen ion concentration and total 
quantitj of acid excreted appears to provide an index of the 
efficiency of the kidney in carrying out the important process of 
acid excretion, this "functional test” possesses the advantage that 
it involves no experimental interference 
We have reached the conclusion that mild states of acidosis 
are far more common than has been suspected, and that the 
therapeutic use of alkali in small quantities (until the urine 
reaches the reaction of blood) is often desirable 

None of our observations appear to afford support for the 
i lews of Martin Fischer 4 on the cause of nephritis 

ON THE UTILIZATION OF AMMONIA NITROGEN IN THE PROTEIN 

METABOLISM 

IP A E TAYLOR and A I RINGER 

(From the Department of Physiological Chemistry of the University of 
Pennsylvania, Philadelphia, Pa ) 

In a series of communications by Grafe and Abderhalden in the 
Zeitschnft fur phys-iologische Cheime, they showed that animals 
receiving 100 to 130 calories per kilo of body weight m the form 

« XT H Tischer Nephritis, New York, 1912 
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of earbohjdmtos and fits, when given ammonium citrate, car 
bonatc or acetate, were able to retain the nitrogen to a very con- 
siderable extent In Grtfc's experiment the animals w r ere kept 
in nitrogenous equilibrium with ammonium citrate 

The experiments reported here fully confirm the findings of 
Crafc and Abdorimlden, and dso show that starving and diabetic 
animals mav retain v consider lbie part of the nitrogen ingested 
(ammonium carbon it e) 

THE DETERMINATION OF ACETONE BODIES IN BLOOD AND 
TISSUES BY MICRO METHODS 

Hi \Y McKIM MARRIOTT 

(trom the Lnlmralonc s of Biological Chemistry of Washington University 
If edi eeit School, St Louts, Mo ) 

Dctcrmintfionx of acetone, chacetie acid, and |3-o\ybutyric acid 
are made on from 2-5 ct of blood drawn with a syringe directly 
from the \cms of Ining imm ds or patients Vcetonc, preformed 
and from diacetic acid, is distilled off and determined by the 
degrceof turbidity it otc usions m in alknhne mercury silver cyanide 
solution Comparisons of turbidity arc made in the nephel- 
ometer of Richards 

d-Oxj butyric acid is determined by oxidation to acetone accord- 
ing to the Shaffer method, after removal of blood proteins and 
sugar The acetone found is determined as above 

THE COMPRESSION OF THE LUNGS BY INERT GASES » 

B\ IHjC.U McGUK.AN and I C BECHT. 

(f rotu the Laboratory of Pharmacology of the \orlhivcstcrn University 
Medical School ) 

The compression of the lung by inert gas has been used in the 
past in the treatment of tuberculosis, with reported good results 
This mode of treatment appears to be coming into vogue again 
Our work, carried out on dogs, was undertaken primarily to deter- 
mine the influence of the compression on the nutrition of the 
lung and secondarily , to determine the rate of absorption of the 


Read b> title 
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gas (N and H) from the pleural cavity So far no untoward 
result has been found on the sound tissue The gases are absorbed 
rapidly and after a few days — about five — all is gone, and the 
lung again fully inflated, without any apparent injury to the 
tissue Repeated injections must be made if the lung is to be 
held m the collapsed condition The experiments are still in 
progress 


THE PHYSICO-CHEMICAL BASIS OF STRIATED MUSCLE 
CONTRACTION H SURFACE TENSION 


By WILLIAM N BERG 
(Washington, DC) 


In the following calculations, two quantities are calculated and 
then compared (1) the energy liberated m a working muscle 
through increase of surface tension times diminution of area of 
contractile units, and (2) the external work done m lifting a 
weight a known distance 

Assume that in 1 cc of muscle a nght section contains 62 
million rods and that there are 800 such layers, making a total 
of very nearly 5X 10 10 rods in 1 cc of muscle The lateral area 
of a rod diminishes from 4 8ju 2 when relaxed to 2 8/v when con- 
tracted, giving a total diminution of nearly 1000 cm 2 m 1 cc of 
muscle which shortens by 0 24 cm at the same time, % e , 800 X 3/i 
Assume the surface tension on the lateral rod surfaces to vary 

dvncs 

from that of pure acetic acid, 23 , when relaxed, to that of 

cm 

dynes 

saturated sodium chloride solution, 85 , when contracted 


cm 


Since 


Surface energy liberated = diminution in area X surface tension 
(ergs) (cm : ) / dynes \ 

\ cm / 


the energy hberated is, at most, 85,000 ergs It is almost cer- 
tainly less 

The energy (ergs) expended m lifting a mass of If grams 
through the distance D (cm ) is If X D X 981 ergs, since 1 gram 
(force) equals 981 dynes Therefore m the above instance, the 
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S5,000 ergs would lift = 361 grams, a weight that is by 

far too small 

It is difficult to understand how surface tension can cause 
isometric tetanus 

ON THE INFLUENCE OF PREGNANCY ON THE CYCLIC CHANGES 
IN THE UTERUS 

lh LEO LOEB 

(From the Deportment of Pathology, Barnard Free Skin nod Cancer Hospital, 

Si IjOiitrt ) 

In previous imestigations I lmc shown that cuts made into 
the uterine wall or foreign bodies introduced into the lumen of 
the uterus of the guinea pig about four to eight days after ovula- 
tion wall lead to the formation of placcntomata I have further- 
more shown that extirpation of the corpora lulca at an earh 
stage after o\ illation wall prevent the formation of the placento- 
mata In another senes of experiments I showed that extirpation 
of the corpora Iutea nothin the find week after ovulation leads 
to a marked decrease m the length of the period of the sexual 
c.j cle in the guinea pig The corpora Iutea inhibit, therefore, the 
rupture of the graafian follicles In our ncw T investigations we 
examined the changes which take place m the uterine wall of the 
guinea pig dunng the different stages of the sexual period There 
is a penodic change in the activity and m the morphology of 
the mucosa which corresponds to the various phases of the sexual 
cycle At the time of ovulation, changes set m m the epithelial 
structures of the uterus and they are soon followed by changes 
m the connective tissue and blood vessels With each new ovula- 
tion a new cycle of these changes begins Now I found that if 
through early extirpation of the corpora Iutea a new ovulation is 
accelerated simultaneously wuth the new ovulation a new cycle 
of changes sets in in the uterine wall In order to demonstrate 
this fact it is necessary to ligate the fallopian tubes wathin the 
first two days after ovulation in order to prevent pregnancy from 
taking place If we then examine about sixteen to twenty days 
after the first ovulation ovaries and uterine wall, we find new 
corpora Iutea to have formed in the former and the cyclic changes 

TITE JOURNAL OF BlOt OOlCAL CHEMISTRY \ Of Xf\ »NO 2 
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to have set m m the utenne wall If, however, we hgate only 
one horn of the uterus, and permit pregnancy to develop in the 
other horn, we find upon examination of the ovaries, and of the 
utenne mucosa sixteen to twenty days after the previous ovula- 
tion, and after an early excision of the corpora lutea the premature 
ovulation in the ovaries to have taken place m a similar manner 
as without simultaneous pregnancy, while in the utenne wall the 
setting in of the new cycle has been prevented through the pres- 
ence of an embryo or of a placenta m the horn of the other side 
We see, therefore, that although pregnancy does not prevent the 
early ovulation after previous excision of the corpora lutea it 
prevents the setting m of a new cycle in the utenne mucosa 
Pregnancy exerts, therefore, an inhibiting influence on the cyclic 
changes of the utenne wall, while it does not affect the early ovu- 
lation taking place after excision of the corpora lutea Whether 
this inhibiting effect of pregnancy on the development of the 
sexual cycle is accomplished through a chemical or a nervous 
mechanism, or through a combination of both, cannot be decided 
at the present time, although it appears more probable that chemi- 
cal factors play a decisive role m this mechanism There is one 
further conclusion concerning the factors influencing the sexual 
cycle, to which I v ould like to call attention The corpus luteum 
calls forth directly onlj certain phases m the cyclic changes in 
the utenne wall in the guinea pig, namely, the proliferative changes 
in the connective tissue of the mucosa while other changes, espe- 
cially the first changes, affecting the epithelial cells of the mucosa 
are not directly dependent on the function of the corpus luteum 
This latter conclusion is based on the observation that some of 
the cyclic changes in the utenne wail precede the formation of the 
corpus luteum 

ON THE MECHANISM OF STIMULATION BY OXYGEN WANT 

BrH S GASSER a\d A S LO EVE X HART 

( From the Laboratory of Pharmacology of the University of Wisconsin ) 

We hai e demonstrated that carbon monoxide, when adminis- 
tered in certain dosage, causes a nse m blood pressure We 
believe this to be due to stimulation of the vasomotor center 
We believe the failure of other authors to observe this stimulation 
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to he due to the fact tint too much of the pas was administered 
and that the second stage of the action, namely, depression was 
noted 

We find that the medullarj centers preserve the same order in 
regard to their sensitiveness to hydrocyanic acid and carbon 
monoxide as has been shown for anaemia, that is, the respiratory 
center is the most scnsiti\e, the \ asomotor center is intermediate, 
and the' cardio-inlubitorj center is the least sensitive We find 
that the latent period of the response of the respiratory and vaso- 
motor centers to decreased oxidation, as brought about by means 
of the administration of In droc janic acid and carbon monoxide, 
is so short (on the aaerage the respirator* center is stimulated 
m 4 seconds In lndrocyamc acid and m 6 seconds by carbon 
monoxide) that the stimulation cannot be due to abnormal met- 
abolic products accumulated during decreased oxidation Our 
conclusions mav be stated as follows 

1 Oxygen want stimulates the cells of the respiratory, vaso- 
motor, and cardio-inlnbitory centers In decreasing oxidative proc- 
esses within the cells of these centers 

2 Decreased oxidation docs not bring about stimulation through 
accumulation of abnormal metabolic products 

3 Wc believe that decreased oxidation per se results m stimu- 
lation Under conditions of decreased oxidation, it seems prob- 
able that other processes not directly requiring oxygen are in- 
creased, and that functional activity is the external expression of 
these latter processes 

FEEDING EXPERIMENTS RELATING TO THE NUTRITIVE VALUE 
OF THE PROTEINS OF MAIZE 

Br THOMAS B OSBORNE and LAFAYETTE B MENDEL 

(From the Laboratories of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry, 

Yale University, New Haven, Connecticut ) 

According to the data now available more than one-half of the 
proteins of maize consists of zem, a type exhibiting such unique 
chemical and physical characters as to make probable that its 
nutritive properties differ from those of other proteins About 
one-third of the proteins consists of maize glutelm, insoluble m 
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neutral solvents, extracted from the seed only by dilute alkalies, 
and yielding all the ammo-acids characteristic for most other pro- 
teins When zein forms the sole protein of the dietary, rats 
speedily decline m weight despite an apparently sufficient food 
intake The decline is not due to digestive failure, for the food 
can be made adequate for maintenance over a considerable period 
by the addition to the food of tryptophane (which is missing 
among the decomposition products of zein) When half of the 
zein is replaced by another protein, such as casein, lactalbumra, 
edestm, or maize gluteli n, nutntive decline can be checked The 
proportion necessary varies with the different proteins In con- 
trast with zein, which lacks tryptophane, lysine, and glycocoll, 
gliadm, which is deficient in the last two only, suffices for mainte- 
nance without growth Maize glutehn is adequate for normal 
growth Foods containing equal parts of zein and maize glutehn 
promote nearly normal rate of growth, this applies likewise to 
the natural mixture of them is exhibited in so-called com gluten 
This material affords an opportunity to study the nutritive -value 
of the two maize proteins before the} have been subjected to any 
chemical manipulations Animals kept on foods containing addi- 
tions of both tryptophane and lysine to zein have been maintained 
over long periods of time These observations all emphasize the 
extreme importance of tryptophane m successful dietaries It 
also appears probable that the deficienc} observed in the practical 
feeding of com meal is explained m good part by the unique 
chemical constitution of zem which forms so large a part of its 
nitrogenous components 

INTESTINAL OBSTRUCTION STUDY OF A TOXIC SUBSTANCE 
PRESENT IN THE INTESTINAL MUCOSA 

BrG H WHIPPLE 

(From the Pathological Laboratory Johns Hopkins Medical School ) 

Dogs with closed washed duodenal loops (ligatures just below 
pancreatic duct and just beyond duodeno-jejunal junction, with 
gastro-enterostomy) die m about two days with low blood pres- 
sure and temperature, vomiting and diarrhoea, the symptoms of 
shock seen m high obstruction and volvulus The mucosa of 
these closed loops may be intact and normal except for congestion, 
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vet a toxic suhst mco cm be isolated from it Normal mucosa 
gives no Midi subsf nice This to\ie substance is active when 
given intravcnoush, mtrapcritoncalI\ and subcutaneously, but is 
not absorbed from the normil intestine It causes a profound 
fall m blood pressure and temperature, profuse vomiting and 
diarrhoea and collapse Death follows m two to twenty hours 
with the general picture of fatal anaphylaxis Autopsy shows a 
remarkable splanchnic congestion most marked m the intestinal 
mucosa which maj bo deep purple m color Destruction of the 
mucosa b\ sodium fluoride is followed by death from peritonitis, 
but the distended loop contains no toxic substance, indicating that 
the mucosa is essential to the elaboration of tins substance Dogs 
injected with sublcthal doses of this toxin arc resistant to later 
injections and if a closed loop is produced m such an animal it 
may live six dnvs instead of two to three days 

THE INFLUENCE OF THE PLANE OF PROTEIN INTAKE ON 
NITROGEN RETENTION IN THE PIG 

rh E V McCOLLUM 

(From (he laboratory of Agricultural Chemistry of the University of 
II tsconsm ) 

Experiments have been earned out m the following manner in 
order to compare the values of the nitrogen of the wheat and 
maize kernels, and of rolled oats for growth m the pig The 
animals, weighing from 45-50 pounds, were placed m metabolism 
cages and fed starch during ten days, and the creatinine nitrogen 
output determined daily The average amount was assumed to 
represent 18 5 per cent of the nitrogen from endogenous metabo- 
lism 6 The animals were then fed on individual grains, or with 
the grams plus a commercial, protein-rich by-product, so that the 
ration was derived m all cases from a single gram source The 
nitrogen intake was adjusted at levels of 5, 7 5, 10, 15 and 20 
times the endogenous requirement, m various experiments These 
levels correspond approximately to 9 5, 13, 18, 28 and 37 per cent 
of protein m the ration Feeding was continued about sixty 
days, and w r as followed by a ten-day period on starch In all 

‘ McCollum Amer Journ of Physiol , xxix, p 210, 1911 
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cases the energy value of the rations was 100 calories per kilogram 
of pig per day 

The retention of nitrogen at all levels except 7 5 times the en- 
dogenous level, was in close agreement in all experiments, whether 
derived from wheat, oats or maize At 5 times maintenance 
about 10 per cent of the ingested nitrogen was retained At 7 5 
times, the retention vaned from 12-17 per cent m different experi- 
ments, due doubtless to the inferiority of certain of the pigs At 
levels of 10, 15 and 20 times the endogenous requirement, the 
retention was 21-24 per cent of the ingested nitrogen, and was 
therefore independent of the source or plane of intake 

In one experiment still m progress, a pig of 45 pounds initial 
weight consumed 57 4 grams of nitrogen per day, derived from a 
mixture of wheat embryo and wheat gluten, dunng thirty-nme 
days It is apparent that he has retained about 25 per cent of 
the ingested nitrogen 

Further work is m progress at the plane of 7 5 times the endog- 
enous requirement, and at high planes of protein intake 

ENZYME SYNTHESES 
By H C BRADLEY 

{From the Laboratory of Physiology of the University of Wisconsin ) 

This work is an extension of that reported upon last year 
A wide survey of tissues both vertebrate and invertebrate fails to 
show any correlation between the lipase activity of a tissue and 
its fatty metabolism as expressed by its ability to store up fat 
In the same way there seems to be no correlation between the 
diastase of tissues and their glycogen content m period of nutri- 
tional abundance certain invertebrate tissues rich in glycogen 
were found to exhibit but a trace or no diastatic activity In 
plants a certain amount of evidence can be found m favor of the 
hypothesis that diastase and lipase produce the synthesis of starch 
and esters It seems probable that in the plant the storage of 
starch m seeds and tubers is the result of diastatic synthesis, and 
that in some seeds and fruits the development of oils and esters 
is accomplished through the agency of lipase No evidence 
could be found of a lactose-splitting enzyme m the active mam- 
mary glands from a number of animals It is probable that 
lactase is not involved m the synthesis of lactose 
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FURTHER OBSERVATIONS ON THE INFLUENCE OF CAFFEINE ON 
CREATINE AND CREATININE METABOLISM 7 

Br \\ SALANT avd J B RIEGER 

(from the Laboratory of Pharmacology, Bureau of Chemistry, U S 
Department of tgnculturc, Washington, D C ) 

The excretion of creatinine nnci creatine was studied m well 
fed and in fasting animals In rabbits which were fed oats, a 
moderate increase of creatine was observed after the subcutaneous 
administration of doses of 100 and 150 mgs per kilo Wien 
food was withdrawn the amount of creatine was increased enor- 
mously m some rabbits Creatinine was only slightly increased 
m the same subjects The subcutaneous injection of 50 mgs per 
kilo also increased the output of creatine m fasting rabbits as 
well as in animals which received oats In some experiments, 
howe\ cr, neither creatine nor creatinine lias affected by the 
administration of caffeine even when food was withheld Experi- 
ments on dogs with doses of 50-200 mgs per kilo were negative 
Creatine and creatinine metabolism w’as not affected in well fed 
or in fasting dogs by caffeine whether given by mouth or subcu- 
taneously 

A NEW METHOD OF DETERMINING VALENCE FROM THE 
MOLECULAR COHESION 


Br ALBERT P MATHEWS 
(From the Laboratory of Physiology, University of Chicago ) 


A new method was found of computing “a” of van der Waals’ 
equation from the law of Eotvos and the formula of Thomas 
Young The values thus obtained are m general similar to those 
obtained by the ordinary methods, but for simple substances are 
m general higher If “a" be expressed as N 2 M-I(, N being the 
number of molecules m the volume, V, then if the expression of 


representing molecular cohesion m van der Waals’ equation, 

be divided in both the numerator and denominator by N 2 , we 

have ^ , the molecular cohesive pressure, since v is the space 
v 2 
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at the disposal of a single molecule The factor M I have called 
the mass of molecular cohesion It was found by trial that the 
factor M'-K was a function of the molecular weight and the num- 
ber of valences in the molecule, or M 2 K = C (Mol Wt X Val )‘ L,Z , 
where C is a constant equal to 2 98 X KH 7 , if “a” is expressed 
m absolute units This gives a means of computing valence when 
the critical data are known By this method it was shown that 
most substances had the number of valences ordinarily ascribed 
to them, but that chlorine n as always tnvalent, argon was mono- 
valent, nitrogen, as a gas, was monovalent and oxygen, as an 
element v as monovalent, each molecule having two valences By 
this method acetylene is shown to have ten valences, it is not, 
therefore, acetylidene The tnvalency of chlorine is indicated also 
by the optical method of determining valence and by the diamag- 
netic method Various changes in graphic formulae will be neces- 
sitated by the changes of valence indicated by this method The 
probable theoretical significance of this relationship of valence to 
cohesion is that cohesion is allied to magnetism and that the two 
kinds of electrons in a molecule, atomic and valence, differ in 
their freedom so that they can not be summed 

THE ENTRANCE OF IODINE INTO DISEASED TISSUES 

By H GIDEON WELLS and 0 F HEDENBURG 

( From the Olho S A Sprague Memorial Institute and the University of 

Chicago ) 

A Systematic consideration of the chemotherapy of tuberculosis 
rests upon an investigation of the permeability of both the tubercle 
bacillus and the tuberculous lesion for chemical substances of 
different characters It is shown that compounds of iodine in- 
jected into tuberculous animals enter glandular tubercles with 
readiness, so that the proportion of iodine in such tubercles is 
usually greater than it is m most other tissues except the kidney, 
furthermore it is greater m the caseous contents than m the cellu- 
lar peripheries of the tubercles Tuberculous eyes also contain 
much more iodine than the normal mates This property is 
shown not to depend upon any specific character of the tubercle 
itself, for other necrotic tissues also contain more iodine than 
normal tissues The explanation offered is that normal cells are 
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not perfect h permeable to iodides (except perhaps kidney cells) 
and lose this impcrmcabilitj or semipermcabihty when killed or 
injured, thus becoming cntirch permeable for crystalloids present 
in the surrounding fluids As the iodine content of the blood 
increases and decreases with absorjition ind elimination, so vanes 
the iodine in the necrotic arci, whether tuberculous or otherwise, 
indicating an licence of am chemical or phjsical binding of the 
iodine in such areas V simple inert colloid, agar, implanted in 
the tissues, bclmcs in quite the same wax 
Egg albumen injected into tuberculous pigs is found, by means 
of the anaphylaxis reaetton, to penetrate the avascular tubercles 
but little if at all, even w hen jirosent m the blood m large amounts 
This fits with the hypothesis that the passage of iodine from the 
blood into the tubercles is a purelj phjsical matter, the crystal- 
loidal iodine compounds diffusing through the inert colloidal solu- 
tion of a necrotic area practicallv unimpeded, while the colloidal 
egg albumen, according to the law of colloidal diffusion, is prac- 
ticallj unable to diffuse through such a colloidal solution 
No evidence could be found of any tendency for iodine com- 
pounds of whatever nature to accumulate in tubercles or other 
necrotic areas, or to persist m such areas when disappearing from 
the normal tissues and the blood 
Exudates contain approximately the same proportion of iodine 
as the blood of the same animals, and lienee any area with inflam- 
matory edema and congestion will commonly show' more iodine 
than normal tissues, although not usually more than the blood 
No evidence was found of any specific entrance or fixation of 
iodine m inflammatory exudates The iodine is distributed about 
alike m the fluid and solid portions of the exudate, indicating 
simple diffusion Of normal tissues only the kidney seems to 
contain approximately as much iodine as the blood of the same 
animal This may have some bearing upon its excretory function, 
since it indicates a greater permeability of renal cells than of 
other gland cells for iodides 
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SARCOLACTIC ACID AND THE THEORY OF DIABETES 

By R T WOODYATT 

(From the Clinical Laboratory of the Sprague Memorial Institute, Rush 
Medical College, Chicago ) 

Theory proposed "The function of the internal secretion of the 
pancreas is to dissociate glucose and perhaps other hexoses Its 
action resembles that of alkali on sugars m general It depends 
upon the presence m the internal secretion of an organic base, 
which forms a glucosate whose dissociation is high Dissociation 
of sugar in the body is essential for its oxidation, reduction, poly- 
merization, cleavage and for its participation in a great organic 
equilibrium which includes glycogen, glucose, split-products of 
glucose (e g , tnoses and lactic acid), other hexoses, certain ammo 
and fatty acids [eg , alamne, propionic acid), protein and fat 
All anomalies in pancreas diabetes are explainable by lessened 
glucose dissociation with the changes in oxidation and polymeri- 
zation and the disturbed organic equilibrium which this implies ” 
Lactic acid coming from glucose is, per se, evidence of dissocia- 
tion of glucose m the body The weights of lactic acid (as zinc 
lactate) found m muscles so treated as to insure maximum sur- 
vival formation ran as follows 

Grams 

Normal dogs (average of 4 determinations) 0 642 

Phlorhizmized dog (D N =3 65 1, muscle-glycogen, 0) 0 127 

Phlorhizmized dog (D N =2 8 1, muscle-glycogen, trace) 0 227 
Phlorhizmized dog (D N=2 9 1 , muscle-glycogen, 0 22) 0 296* 
Diabetes mellitus 0 077 

* Intravenous glucose Injection unto mortem to produce hyperglycaemla comparable to dla 
betes mellltua 

THE PRESENCE OF AN ACID PRODUCING ENZYME IN BACT 
LACTIS ACIDI 8 

By E G HASTINGS and E B HART 
(From the Departments of Agricultural Chemistry and Agricultural 
Bacteriology, University of Wisconsin ) 

The work of Buchner, Herzog, and others has shown the pres- 
ence of an enzyme in certain lactic acid-producmg bacteria that 
are essentially different from the organisms predominating in 
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chccsc Tills intracellular enzyme, winch can be demonstrated 
onh after the disintegration of the cell, forms small quantities of 
lactic acid from sugar So far ns is know n to us, a similar enzyme 
has ne\cr been demonstrated m organisms of the Bad lacks acuh 
group The growth of these orgniusms on nil media is so meager 
that it is \erj difficult to obtain a sufficient amount for treatment 
by the methods cmploj cd b\ Buchner An acid-producing enzyme 
m the lactic acid bacteria has, however, been demonstrated by 
quite different methods 

It had been noted that when i sample of raw or steriliml milk 
m which inning numbers of lactic bacteria had been allowed to 
deaelop, and to aaliich a prescra alia e, ns chloroform or toluol, had 
been added, the cells soon disappeared or at least could no longer 
be detected b> microscopical examination A sample of fresh raw 
milk and one of the same milk heated to 97 0 C for a short time 
were inoculated with a pure culture of Bad lacks acuh At 
varying periods m the development of acid, samples aaere removed 
from each and prescra ed aaith 3 per cent of toluol In those 
treated soon after inoculation, a small number of bacteria were 
present a\ bile in those to w Inch the preservative w as added at a 
later stage in the deaclopment of acid, a much greater bacterial 
growth was present If any enzymic action occurred, the samples 
should have shown a difference m the amount of acid formed 
corresponding to the amount of bacterial cells present 

The results seem to leave no doubt concerning the presence of 
an acid-forming enzyme in the organisms of the Bad lacks acidi 
group that acts on the milk sugar It might be thought that the 
increase m acidity was due to the production of ammo-acids by 
a proteolytic enzyme In this case the soluble nitrogen must be 
increased That this does not occur has been shown by numerous 
investigations The increase in acid, however, cannot be asserted 
to be due to the formation of lactic acid since, of course, no quali- 
tative test could be made m the presence of the lactic acid m the 
milk at the beginning of the experiment 
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THE INFLUENCE OF THE COMPOSITION AND AMOUNT OF THE 
MINERAL CONTENT OF THE RATION ON GROWTH 

By E V McCOLLUM and MARGUERITE DAVIS 

( From the Laboratory of Agricultural Chemistry of Ike University of 
Wisconsin ) 

Young rats do not grow when fed the wheat kernel alone, or 
the wheat kernel plus wheat gluten to give a protein content of 
18 per cent, when distilled water is given The latter ration, 
■with salts added to make the total content of the mineral elements 
closely similar to that of milk powder, has produced normal 
growth in rats during seventy days 

Rats grow normally during seventy-five to one hundred days on 
a ration consisting of pure casein, 18 per cent, dextrin, agar-agar 
and salt mixtures giving an inorganic content closely similar to 
either milk or egg yolk, and on certain other salt mixtures, in about 
the proportions found in milk and m eggs With the same organic 
ration, fed with a salt mixture giving the ration an inorganic 
content closely similar to that of the wheat kernel, there is a com- 
plete suspension of growth The addition of calcium, or the sub- 
traction of magnesium induces growth in some degree This is 
true also of rations derived from wheat and wheat gluten 

We have much experimental evidence indicating that an impor- 
tant relation exists between the proportion of the mineral elements 
m the diet, to its protein content Normal growth has been 
secured during seventy days on a ration of casein, 34 per cent, 
dextrin, agar-agar and a salt mixture giving an inorganic content 
similar in composition and quantity to that of dry skim milk 
With the mineral content like that of egg yolk, and fed m the 
same proportion as found in dry egg yolk diluted to 12 per cent 
protein content, considerable growth has been observed It is 
noteworthy that both highly acid as well as slightly alkaline mix- 
tures lead to good results if the composition is satisfactory 

CONNECTIVE TISSUES OF LIMULUS 
By H C BRADLEY 

{From the Laboratory of Physiology of the University of Wisconsin ) 

Attached to the gill flaps of hmulus are rods of cartilage-like tis- 
sue Physically and histologically it resembles cartilage Chem- 
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ieall\ it is i 1 \ pic il sclcro-protein, insoluble m w 'iter and the 
ordtnan ‘•oh cuts, mg: rcndih in a tryptic mixture but insol- 
uble in popsni-IlCl It rontains II ‘1 per cent N, 1 6 per cent 
NIIrN, “I 1 per rent txroMiio On Imlrolysis with strong HC1 
it Melds consider ible sulphate, md a small amount of a reducing 
substance \ll of the ordman protein reactions are positive It 
does not Meld sufhuent gelalm to give n posit no test for that 
substance 

Across the \ontrd portion of ltmulus, wathm the carapace, 
extends u xx Into fibrous moss of connective tissue connecting a 
largo number of muscles Its general resemblance m appearance 
and function to m imnnlnn tendon is further borne out by its 
histological appearance Chemically it also is a sclcro-protem, 
free from collagen md somewhat different from the cartilage 
It contains 1G 0 per cent N, no ammoni i N, 2 4 per cent tyrosine, 
no oxidiml sulphur, md 1 trace of a reducing substance It 
digests rapidly m pepsin-HCl, and very slowly in a tryptic 
mixture 

A NEW METHOD FOR DETECTION OF SMALL AMOUNTS OF 
CARBON DIOXIDE 

Bi SIIITtO TVSHIRO 

( From the Laboratory of Physiology, Unncrsily of Chicago ) 

Making use of the principle which Dr McCoy and I discovered, 

I have constructed two new pieces of apparatus w r hich not only 
detect CO- in amounts as small as 0 0000001 gram, but also esti- 
mate it with quantitatu e accuracy The first apparatus consists 
of two chambers, the upper one being used for the qualitative 
detection of the gas, the lower for the quantitative estimation The 
second apparatus is used for the combined purposes of qualitative, 
quantitative and comparative estimation of CO- productions from 
vanous biological specimens Unlike any other method for analy- 
sis of a gas m small quantity, the new method requires no correc- 
tion nor precaution against the effects of temperature and pres- 
sure variations 
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A STUDY OF THE CHEMICAL CHANGES OCCURRING IN 
MEATS DURING THE PROCESS OF DRYING BY THE 
VACUUM METHOD 8 

By L H DAVIS and A D EMMETT 

(From the Department of Animal Husbandry, University of Illinois ) 

The average percentage values for the analysis of five samples 
of fresh meat and of the corresponding samples of desiccated meat, 
prepared by Shackell’s modification of the Benedict-Manning 
method were, respectively 26 46 and 98 21 for dry substance by 
the vacuum method over sulphuric acid, 26 38 and 96 55 for dry 
substance by heating in an air oven at 102° C, 2 77 and 10 14 for fat 
on the vacuum-dned samples, 3 21 and 9 70 for fat on the oven- 
dned samples, 3 464 and 13 124 for total nitrogen, 0 795 and 

2 769 for total water soluble nitrogen, 0 420 and 1 182 for heat 
coagulable nitrogen, 0 021 and 0 107 for proteose nitrogen, 0 122 
and 0 667 for creatine nitrogen, 6 176 and 19 711 for total soluble 
solid and 0 78 and 3 14 for total soluble ash 

On the dry basis (vacuum method), the average percentage 
composition of the fresh and desiccated meats was respectively 
10 22 and 10 31 for fat, 13 138 and 13 368 for total nitrogen, 

3 011 and 2 835 for total soluble nitrogen, 1 591 and 1 204 for 
heat coagulable nitrogen, 0 080 and 0 109 for proteose mtrogen, 
21 94 and 19 96 for total soluble solids and 2 90 and 3 18 for 
total soluble ash 

The forms of mtrogen expressed in per cent of the total gave 
for th6 fresh and desiccated meats the following respective per- 
centage values the total soluble, 22 95 and 21 17, the heat coagu- 
lable, 12 13 and 8 98, and the proteose, 0 62 and 0 82 

Calculating the data for the fresh and desiccated meats to the 
dry basis using the two values for dry substance, the vacuum 
and the oven-heated — the results agree quite closely for the vari- 
ous constituents, the greatest differences being in the fat as was 
to be expected 
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MUSCLE CREATINE DIALYSIS OF CREATINE FROM DOG MUSCLE >» 
(PitruMtVAm Ilnoivr) 
in II 1 LEO vvn PAUL ]•: llOIVE 
(From the Leihnrnlory of Physiological Chemistry, University of Illinois ) 

study was made of (he dnljsis of creatine from muscle under 
conditions which would tend to throw light upon the form in wduch 
this substance is held m the tissues The experiments of Urano 
were repeated, using dog-muscle (i) in the form of bundles, (b) 
ground and placed loosch or packed tightly in collodion bags 
Dial} sis was commenced immediately after the removal of the 
muscle from the animal or after it had remained for 24 hours on 
ice Each preparation w is dialyzed for 2, 2, 2, 12, and 24 hours 
against 200 cc portions of Ringer's solution, distilled water, 0 9 
per cent NaCl, I S per cent NaCl, 5 per ccntNaCl, Ringer’s solu- 
tion -f HC1 (to make 0 13 per cent), 0 9 per cent NaCl + HC1, 
0 13 per cent IIC1, and 70 per cent alcohol 
The data indicate that creatine dialyzed most readily from those 
preparations which were in the loosely-packed, finely-divided form 
and least, from the more solid preparations, as the muscle bundles 
and the firmly-packed ground muscle Dialysis experiments con- 
ducted with those substances which should tend to increase the 
rate of dialysis ga\ c xanablc results The action of HC1 upon 
ground muscle was to cause a slower rate of diffusion, but when 
added to the 0 9 per cent NaCl solution an increased rate of 
dial} sis occurred The action of the acid upon muscle bundles 
caused an increase m the rate of diffusion Alcohol appears to 
increase the rate of dialysis from muscle bundles but the effect 
is not equal to that obtained with the HC1 nor with the ground 
muscle in salt solution Approximately the same results were 
obtained with the Ringer’s solution as with the 0 9 per cent NaCl 
solution The hypertonic salt solutions gave a more gradual rate 
of dial} sis, although the ultimate effect was the same When 
the results from the various experiments are plotted, the form 
of the curve is the same (hyperbolic) 

The results indicate that simple diffusion experiments do not 
appear to offer any definite evidence as to the manner m which 
creatine is held m muscle 


“Read by title 



xliv 


Scientific Proceedings 


STUDIES ON SULPHUR METABOLISM I THE URINARY SULPHUR 
PARTITION IN VARIOUS DISEASES 11 

BY N STADTMttLLER, M KAHN and J ROSENBLOOM 

(From the German Hospital, Hew Yorl , and the Laboratory of Btochmubii 
of the Umicrutij of Pittsburgh, Pittsburgh, Pa) 

We have studied the urinary sulphur partition (total sulphur, 
sulphate-sulphur, ethereal sulphate-sulphur, inorganic sulphate 
sulphur and neutral sulphur) in the following diseases 

Dmbetes mcllitus, 10 cases, carcinoma, 13 cases, nephritis, 2 cases, 
pneumonia, 2 cases, lead poispmng, 2 cases, bronchial asthma, ct se i 
chronic appendicitis, 2 cases, hepatic abscess, 1 case, hepatitis, .cases, 
cholelithiasis, with biliarj fistuli, 1 case, typhoid fever, 1 case,c row' 
myocarditis, 1 case, hypopituitarism, 1 case, gastroptosis an gas n 
dilatation, 1 case 

The urine has been analyzed daily for periods varying fn® 
three day's to two weeks, and we have found high proportions o 
neutral sulphur in all the cases of diabetes (except one) 
neutral sulphur w'as also high in all the cases of carcinoma, 
one case of nephritis and pneumonia and in the one case o 
pituitnrism 

THE METABOLIC END-PRODUCTS OF THE LIPOID NITROGEN OF 

EGG YOLK 11 

By E V McCOLLUM and H STEENBOCK 

(Prom the Laboratory of Agricultural Chemistry of the Untvc 

Tlhsconstn ) 

A pig of 49 pounds was fed during seven days on a rat ^ 
220 grams of dry' egg yolk and 35 grams of starch per a ^ 
nitrogen intake was 11 65 grams per day Of this 0 ^ 

lipoid nitrogen The total N of the urines varied from 0 u , ^ ^ 
grams From 30 to 40 per cent of the total mtrog' 
moved by the Fohn method for ammonia Urea 1 
by the Benedict and by the Hennques and Gam/- 
gave fairly close agreement, and md - , 
cent of the total nitrogen w'as pres- 
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Of the nitrogen removed In aspiration, 5 2-IG7 per cent could 
not he absorbed bv mercury o\ide according to Erdmann’s method 
B\ this method the unites ncrc found to contain on an average 
0 20S9 gnm of nitrogen ns substituted amines It is evident that 
demctln lation of substituted amines is not readily accomplished 
m the bods of the pig 

THE OCCURRENCE Or URIC ACID IN BLOOD >' 

Hr OTTO IDLIN' and W DENIS 

A NEW METHOD FOR DRYING TISSUES AND FLUIDS 
Ih JACOB ROSENBLOOM 

METABOLISM OF A DWARF ' 2 
Ur GRMIAM LUSK 

THE FATE OF FATTY ACIDS IN DIABETIC ORGANISMS 
Bt \ I RINGER 

ON THE SECRETION OF PURE ACID BY THE KIDNEY 
Bt A B M VCAI LUM and W R CAMPBELL 

HYPERTROPHY AND HYPERPLASIA OF THE PARATHYROID IN 

BIRDS 

Bt D MARINE 

QUANTITATIVE OXIDASE MEASUREMENTS '< 

Br II II BUNZEL 

THE REGULATING FUNCTION OF AMYLASE BY THE FUNGUS 
GLOMERELLA » 

Bt HOWARD S REED 
SYMPOSIUM 

SOME RECENT APPLICATIONS OF PHYSICAL CHEMISTRY IN 

BIOLOGY 

A B MACALLUM — Surface tension 

L J HENDERSON —The control of neutrality in the animal body 
A S LOVENHART —The physical chemistry of enzyme action 


12 Published in full in Journal of Biological Chemistry, xiv, February, 1913 
12 Published m full in Journal of Biological Chemistry, xm, January, 1913 
14 Read by title 




RESEARCHES ON PURINES 


ON 2,S-DIOXY-l,9-DIMETHYLPURINE AND 2-OXY-6, 9-DIMETHYL- 

PURINE 

(ricirTH i Arm ') 

Bi CARL 0 JOHNS 

{From (hr Sheffield Laboratory of Yale University ) 

(llccmed for publication, December IS, 1012 ) 

Two of the nine possible womc.ndes of 2,S-dio\3'-dimcthylpur- 
me ha\e been described, minely, 2 ) S-tho\y-3,7-dimeth} , lpurme, 1 * * * 5 6 
which was obtained by Fischer, and 2,S-dio\> -6,9-dimcthylpur- 
me 3 The latter of these compounds, although isomeric with 
theobromine (VI), is not exactly analogous since one of the methyl 
groups is attached to carbon while in theobromine both of the 
methyl groups are attached to nitrogen In 2,8-dioxy-l,9-di- 
methjlpurmc (IV) both of the methyl groups are attached to 
mtrogen, hence one might expect it to exhibit properties compar- 
able with those of theobromine Theobromine is a strong diuretic 
Professor Mendel lias tested the action of 2,8-dioxy-l,9-dimethyl- 
purine on rabbits but found that it did not produce notable diur- 
esis * 

2,8-Dioxy-l,9-dimethylpurme was svnthesi/ed as follows The 
potassium salt of 2-oxy-5-rutro-6-methylammopyrimidme 5 (I) 
was heated with methyl iodide and gave 2-oxj -3-methyl-5-rutro- 
6-methyIammopj nrmdme (II) the constitution of which was 
shown by heating the rnethj lated product with sulphuric acid 

1 This Journal, xn, p 01, 1912 

5 Emil Fischer Bcr d dculsch ekem Gcsellsch , \xvm, p 2487, 1895, 
xxx, p 1851, 1897, xxxn, p 474 1899 

’ Johns this Journal, \i, p 397, 1912 

* Reported at the fourth annual meeting of the American Society for 

Pharmacology and Experimental Therapeutics, Cleveland, Dec 30, 1912 

6 Johns this Journal, lx, p 104, 1911 
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and obtaining 2,6-dio\y 3-methyl-5-nitropyrimidme 6 (III) 
When 2-o\y-3-methyl-5-nitro-6-methy]aminopynmidme was re- 
duced with freshly precipitated ferrous hydroxide it was converted 
to 2-oxy-3-methyl-5-amino-6-methylaminopyrimidme (V) As 
might be expected, the presence of the two methyl groups ren- 
dered the compound extremely soluble It was therefore difficult 
to purify and after analyzing its picrate the crude base was heated 
with an equal weight of urea whereupon 2,8-dioxy-l,9-dimethyl- 
purme (IV) was obtained 

A new isomer of the three 2-oxy-dimethylpurtnes 7 previously 
described has also been prepared, namely, 2-oxy-6,9-dimethyl- 
purine (IX) This compound was obtained by heating the potas- 
sium salt of acetyl-2-oxy-4-methyl-5,6-diammopynmidine (VIII) 

During the course of tlus investigation it was found that 2- 
o\y-4-methyl-5,6-diaminopyrimidme can easily be produced in 
quantity by reducing 2-oxy-4-methyl-5-mtro-6-aminopynmidine 8 
with freshly precipitated ferrous hydroxide This method is a 
decided improvement on the one previously used in which alum- 
inium amalgam was employed as the reducing agent 

These researches will be continued 


N=CNH CH 0 

I I 

OC CNOs 

I II 

HN— CH 
I 


N=CNH CH 3 HN— CO 

II II 

-> OC cno 2 > OC cno 2 


etc N— CH 
II 


CIC N — CH 
III 


CH 3 N— CH 

I II 

OC C— NH 

^>CO 

N=C — N CH 3 
IV 


N— CNII CH 3 

I I 

OC CNHj 


CH., N— CH 
V 


HN— CO 

I I 

OC C— N CH 3 

> H 

ch 3 n— c— n 

VI 


6 Behrend and Thurm Ann d Chem (Liebig), cccxxm, p 163, 1902 

’Julius Tafel Ber d deutsch chem Gesellsch , xxxu, p 3201, 1899, 
Johns this Journal, xn, p 91 

« Johns Amer Chem Journ , xli p 61, 1909 



Carl O Johns 


3 


N=rCNHj 


N— ONJIi N=C CII 3 


OC CNOi > OC CN T ir : > OC C— Ml 

1 I 1 ! I I > u, ‘ 

UK— C CH, 1IN — C CIIj UN— C— N 

VII VIII IX 


rxrrmMi ntaij tart 


Z-Oxif-S-mctinilS-nUro-G-vtclhylannnopyrnmdinc, 

\=CNIl CHi 

I I 

OC CAO* 

I II 

CII 3 N — CH 

Fne grams of finch puhemed 2-ox\-5-mtro-6-methylammo- 
pynmidmc' were dis«ol\ cd m 40 cc of water containing 1 9 grams 
of potassium hydroxide, and 5 grams of methyl iodide were then 
added This mixture was heated at 100 ° C m a sealed tube for 
one hour This treatment produced in almost colorless solu- 
tion from which a bulk's mass of hair-hhe crystals separated on 
cooling A second crop w as obtained bv concentrating the mother 
liquor A trace of free iodine was removed bj making the solu- 
tion alkaline with sodium hydroxide The crystals thus obtained 
were readily soluble in hot and moderately soluble in cold water 
They were easily soluble m cold chloroform, moderately soluble 
in hot alcohol and slightly soluble in boiling benzene They 
melted to a colorless oil at 203° C The yield w as about 50 per 
cent of theory 

Calculated for 
CjIIiOiVi Found 

N 30 43 30 12 

All of the mtropyrimidme used m the above experiment had 
reacted as none of it v r as recovered unaltered An exceedingly 
soluble by-product was formed This contained iodine that w r as 
not removed by treatment with alkalies An investigation of this 
by-product w r as deferred until more material can be obtained 

7 Johns this Journal, ix, p 1G4, 1011 
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Researches on Purines 

2,6-Dtoxy-8-methyl-5-mlropynmidine, 

HN— CO 

i I 

OC CNOs 

I II 

ch 3 n— ch 

In order to determine the position that the methyl group had 
occupied in the alkylation of 2-oxy-5-nitro-6-methylammopyr- 
imidine the methylammo group m position 6 was removed by 
hydrolysis as follows One half gram of the methylated product 
was dissolved in 10 cc of 25 per cent sulphuric acid and the solu- 
tion was heated in a sealed tube at 160°-170°C for two hours 
On standing over night the resulting solution yielded a crop of 
beautiful crystals These melted at 255° C and when mixed with 
a pure sample of 2,6-dioxy-3-methyl-5-mtropyrimidme 10 the melt- 
ing point ivas not loivered Hence alkylation had occurred in 
position 3 m the pyrimidine nng The portion used for analysis 
was dried at 115° C to remove the water of crystallization 

Calculated for 
C.II*0,N, Found 

N 24 56 24 55 

2-Oxy-S-viethylS-amino-6-methylaminopynmidme, 

N=CNH CHj 

I I 

OC CNH 2 

1 II 

CH 3 N — CH 

Five grams of 2-oxy-3-methyl-5-mtro-6-methylaminopynmid- 
me were dissolved in 200 cc of a mixture of equal parts of water 
and concentrated ammonia Fifty grams of ferrous sulphate Con- 
tained m 100 cc of water were added Reduction took place 
rapidly as was shown by the immediate formation of feme hydrox- 
ide A solution of 62 grams of crystallized banum hydroxide m 
hot water was then added to precipitate the SCb and a small excess 
of baryta was precipitated by means of ammonium carbonate 
The mixture was heated on a steam bath for an hour and then 


10 Behrend an Thurzn loc cit 
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filtered by Miction Tlic filtnte w iscvaporitcdto a syrup which 
hardened on cooling The substance thus obtained was excced- 
ingl\ soluble m water or alcohol but did not dissolve m benzene 
or ether On account of the difficulties encountered in attempt- 
ing to purifv this base it w as used m the crude state for the prepa- 
ration of 2,S-dio\\-l, ( )-dmioth}lpunne 
A picrate of 2-ox\-d-mothvl-5-imino-G-methylnmmopynmid- 
mc w is made b\ mixing a rather concentrated solution of the 
crude base with .1 saturated aqueous solution of picric acid The 
picrate separated slowlv in the form of prisms that were about 
five tunes as long as tlicv were thick Thcv were very soluble 
m hot wafer Tliev melted with decomposition at about 200° C 

Cnlcuht^d for 

CtHitONi CtlU(NO hOII round 

X 25 01 2G 00 


2,S-Dioxy-I fl-dmiclhylpnnnc, 

Ufj X— CII 

! I! 

OC C— MI 

I ^>CO 

X— C — X CH; 

The crude 2-oxv-J-methv l- i-amino-G-methylammopyrimidme 
which was obt lined in the preceding experiment was mixed with 
an equal weight of urea and the mixture was heated for an hour 
at 180° C m an oil bath The residue was taken up m hot dilute 
ammonia and the solution was decolorized by means of blood coal 
On boiling off most of the ammonia and acidifying with acetic 
acid the purine crystallized rapidly in the form of small plates 
A second crop was obtained by concentrating the mother liquor 
to a small volume The yield of pure material was about 50 per 
cent of theory when calculated on the basis of the mtropynmidme 
used The punne dissolved in less than 40 parts of boiling water 
and crystallized m small irregular plates that did not melt or 
char at 320° C It dissolved readily m ammonia and was precip- 
itated by acetic acid It was slightly soluble m boihng alcohol 
but almost insoluble m boihng benzene It did not give a mur- 
exide reaction 
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0 1869 gram of substance gave 0 0740 gram of H a O and 0 3174 cram of 
CO, 



Calculated for 



C7H»0:N< 

Found 

c 

46 66 

46 33 

H 

4 44 

4 39 

X 

31 11 

31 10 


2-Oxy-4-methyl-5 , 6-diamvnopyrimidine, n 

n==cxh 2 

I I 

OC CNHo 

I II 

HN—C CH 3 

This compound has been described m a previous communication 
from this laboratory It was first obtained by reducing 2-oxy- 
4-methyl-5-mtro-6-ammopyrimidine by means of aluminium amal- 
gam This method was laborious as onfy smaff quantities could 
be reduced at one time and the yields were low It has been 
found that larger quantities can be reduced smoothly by the use 
of freshly precipitated ferrous hydroxide 

Twenty-two grams of 2-oxy-4-methyl-5-mtro-6-aminopyrimidine 
were dissolved m a mixture of 200 cc of water and 200 cc of con- 
centrated ammonia To this solution were then added 264 grams 
of crystallized ferrous sulphate m a small volume of hot water 
Reduction took place rapidly The SO* was precipitated by add- 
ing a hot solution of 300 grams of crystallized barium hydroxide 
and removing the excess of baryta with ammonium carbonate 
After filtering by suction, washing with hot water, and concentrat- 
ing the filtrate the diaminopyrimidme was obtained m a crystalline 
form The yield was 80 per cent of theory 

2-Oxy-6,8-dimethylpunne, 

X=C CH 3 

I I 

OC C— NH 

1 > CCH > 

HN— G— X 


u Johns Amer Chein Journ , xh, p 61, 1909 



Carl O Johns 


7 


Fixe prims of 2-ow -1-mot hx I-'>,b-di unmopx nmidme were sus- 
pended m 2‘> cc of uetir min dnde and the mixture was lie ited 
in in exaponting dish on i steim bath Complete solution did 
not occur as the cr\ stah of the k ot>l compound scpintcd rapidly 
The mixture was cxaporited to dr\ ne-^ and the last traces of 
acetic anln dride w ere retnox ed In adding .1 htt le alcohol and evap- 
orating: again and fmallx heating it 120° C The Meld agreed 
with that o.ileul ited for 1 dnoetxl dernatnc Tins substance 
was renddx soluble in hot water md when the solution was cooled 
slow 1\ a mixture of needles and rectangular prisms separated 
The diacetxl compound w is com cried to a purine as follows 

Fne grams of the acctvhted 2-ox\-f-mclhxl-'>,G-dnminop)r- 
lmidmc were dnsohed in r i0 cc of water containing 2 5 grams of 
potassium Indroxidc md the solution w is ex iporated to drjncss 
The resulting potassium salt was then heated in in oil bath at 
220°-240°C until water was no longer exolxed The reaction 
product, which w is apparent!) a potissnim salt, xxas dissolved 
m hot water, the solution was filtered to rcmoxc a slight turbiditx 
and was afterwards acidified with acetic icid A crystalline pre- 
cipitate formed rapid!) This xxas purified by dissolving it in 
dilute ammonia, clanf)ing with blood coal, boiling off excess of 
ammonia and precipitating with acetic acid The cr)stals were 
small prisms with square ends The) did not melt at 315° C 
although thex turned brown slowly at that temperature They 
w ere difficultly soluble m hot xxater, xery slightly soluble m hot 
alcohol and insoluble m boiling benzene They gave a murexide 
reaction The xield of this purine was 70 per cent, calculated 
from the weight of 2-ox) -4-meth) l-5,G-diaminopyrimidinc 

0 2000 gram of substance gax e 0 375S gram of CO and 0 0S80 gram of 



Calculated for 

Found 


GrHtONt 

c 

51 21 

51 02 

H 

4 87 

4 SG 

N 

34 14 

34 2G 




THE CREATINE CONTENT OF MUSCLE UNDER NORMAL 
CONDITIONS ITS RELATION TO THE 
URINARY CREATININE 1 

Ri VICTOR C MTERS AND morris s fine 

(From the Laboratory of Pathological Chemistry, New York Post-Graduate 
Medical School and Hospital ) 

(Reeened for publicnlion, December IS, 1012 ) 

Although much attention Ins been devoted to urinary creatin- 
ine since the introduction of Fohn’s simple colorimetric method 
for its estimation in 1001, relatively little consideration has been 
given to the supposedly related muscle creatine It is reasonable 
to believe that a knowledge of the creatine content of muscle, 
under normal and likewise abnormal conditions, mav greatly aid 
m elucidating the vanous phases of creatinc-creatmme metabo- 
lism Attention has recently been called to some of these points 
by Mendel and Rose? who have cited the more important researches 
upon muscle creatine van Hoogenhuyre and Verploegh 3 were 
the first workers to employ the colorimetric method for the esti- 
mation of creatine in muscle, but to Mellanby 4 is due the credit of 
first giving the subject any considerable attention In addition, 
a few T analyses have been reported by Dorner, 6 Emmett and 
Gnndley,® Saiki,’ Graham-Brown and Cathcart, 8 von Furth and 

'A preliminary report of this work was presented to the Society for 
Experimental Biology and Medicine October 1C, 1912 see Proceedings, 
x, p 10, 1912 

5 Mendel and Rose this Journal, \, p 255,1911 

’van Hoogcnhuyzc and Verploegh Zeifsc/ir f physiol Chcm , xl\i, p 
433, 1905 

4 Mellanby Journ of Physiol , xxxvi, p 447, 1908 

‘ Dorner Zeitschr f physiol Chcm , 111, p 259, 1907 

4 Emmett and Gnndley this Journal, m, p 499, 1907 

7 Saiki i bid , iv, p 487, 190S 

4 Graham-Brown and Cathcart Biochcm Jovrn , iv, p 423, 1909 
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Victor C Myeis and Morris S. Fine u 

In the mM imps m which these figures were given m terms of 
creatinine, the\ line been eomertul to creatine With the 
exception of the results of Graham-Brown and C.athcnrt, the 
results are comparatneh uniform In their experiments, it 
should perhaps he noted that the figures were obtained with com- 
paratnelx small samples of muscle (taken from one leg previous 
to the stimulation of the muscle on the. opposite side) 

Chisolm’s results for the creatine content of the moist muscle 
of six healthx adults are as follows 0 2.57, 0 200, 0 271, 0 280, 
0 251 and 0 2GS per cent, an axerage of 0 270 
Below is further appended the crcatmc content of muscle m a 
\anct\ of animals as determined b\ various investigators with 
the colorimetric method, though m single experiments m many 
instances 


Reported ftrjurt « (nrrraqri) for mti'clr rrratineut r non and t anotis animals 


AMMO j 

cnrATisr 
tv wructr 

ohm n\ rn 

Will At 

cnrATisr 
is m,sci r 

onsrnirn* 

1 

per ctni 



per cent 

1 

1 


o at 

1 Dorncr 

j Horse | 

i 0 33 

1 von FOrth and 



0 -.1 

Mclhnln 

1 

Schwarz 



0 11 ! 

Graham- 

Dog { 

| 0 31 

von Furth and 

Rabbit - 


; 

Brown and 


Schwarz 



Cathcart 

j Man 

0 27 

Chisolm 



0 =50 

Mendel and 

Guinea 

\ 




1 

1 

Rose 

P>E 

0 37 

Mellanbj 



o r> 

\ an Hoogcn- 

Rat 

0 35 

Mellnnby 

Pig 



hujze and 

f 

0 36 

Mellanby 



Verplocgli 

Hen { 

0 41 

Mendel and 



0 38 

Mcllanbx 

l 


Rose 



0 44 

van Hoogcn- 

Frog 

0 30 

Mellanbj 




hujze and 

Cod 

0 35 

Mellanbj 

Ox < 



Vcrplocgh 

, Lamphrcj 

0 29 

Mellanbj 


0 44 

Emmett and 

j Skate 

0 28 

Mellanby 




Grindlcy 

Bonito 

0 65 

Okuda 



0 38 

Mellanbj 

j Tunny 


Okuda 

! 


0 41 

van Hoogcn- 

1 fish 

0 50 

Sheep \ 



hujze and 

i Salmon 

0 56 

Okuda 

\ 



Vcrplocgh 

Snapper 

0 75 

Okuda 



0 38 

van Hoogcn- 

Carp 

0 42 

Okuda 

Horse 



huyze and 
Verplocgli | 

Shark 

1 

0 66 

Okuda 


* References previously cited 
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to fourteen days until it was believed that the correct daily crea- 
tinine elimination had been ascertained Determinations were 
also made for creatine At the end of the period, the animals 
were killed, body weights were taken daily previous to feeding, 
though the weights recorded m the table below were those taken 
just prior to the death of the animals 

Our results upon the creatme concentration of fresh muscle 
will be considered first 


Creatine content of rabbit muscle 

Table I giv es the results which we have obtained from a series 
of twenty presumably normal rabbits 


TABLE i 


JAL NUMBER 

Creatine content of rabbit muscle 

BODY IV EIGHT W E,OHT OE MVSCEE 

CRE VTINE tV FRESB 
MUSCLE 


kg me 

grant 

percent 

l 

1 48 

100 

0 522 

o 

1 55 

100 

0 540 

3 

1 49 

100 

0 522 

4 

1 77 

100 

0 522 

5 

1 39 

100 

0 522 

6 

2 12 

100 

0 494 

9 

2 05 

100 

0 497 



fioo 

f0 524 

10 

' 

2 13 

1 100 

\0 522 

11 

| 1 87 

100 1 

0 522 

12 

2 56 

100 

0 495 

IS 

! 1 39 

100 

0 522 

i 


f 75 

(0 522 

25 

1 74 

{ 85 

\0 527 

27 

1 35 

100 

0 517 

28 

1 90 

100 

0 522 

29 

1 85 

100 1 

0 521 

30 

1 60 

100 i 

0 534 

31 

1 80 

100 1 

0 522 

32 

1 66 

100 

0 495 

33 

2 05 

100 

0 522 

34 

1 98 

100 

0 516 

erage content of creatine 

! 

0 518 
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This series includes (he mini iK m ide (hesuhjei tsof our crcatme- 
rreatinmc metabolism Miida nul, m iddition, 1 number of ims- 
celhneous normal rabbits from winch onl\ muscle simples were 
obtained In the first b ilf doren determinations, the colonmet 
ric readings were first recorded without calculating our results- 
When this was done, we were surprised at the unusually uniform 
results Our subsequent experiments entirely confirmed this In 
fact, 111 going back oaer our notis of the various observations, 
incidents bid been recorded which would possibly iceount for 
the slight h lower \ slues m two cases In animal 9, a correction 
of 5 mgms had to be added for creatine found in the seventh 
extract, while an extract of the coagulated protein contained 12 
mgms , indicating incomplete extraction With animal 32, note 
was mule that considerable difficulty was experienced m obtain- 
ing a good coagulation of the protein, though this fact was not 
recalled at the time the colorimetric estimation was made \ni- 
mal 12 was found to have a subcutaneous abscess E\en if we 
include the-c results, the creatine content of fresh rabbit muscle 
is found to be xcr\ definite and, as will appear below, character- 
istic of the animal 

In animal 10, the creatmc contents of the left and right hind 
legs were found to be practically identical In animal 25, the 
creatme content of the muscle of the right leg was found to be 0 522 
per cent, that of the muscle of the back, adjacent to the verte- 
bral column, 0 527 per cent After allowing the left leg to remain 
at room temperature (ven warm, July 20) for tw T enty-four hours, 
a creatine estimation of the muscle showed 0 482 per cent 

Creative content of dog muscle 

In Table II are recorded five experiments on the creatine con- 
tent of dog muscle These figures are likewise very uniform, 
hut considerably lower than m the case of rabbit muscle 
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TABLE II 


Creatine content of dog muscle 


ANIMAL NUMBER 

ESTIMATED ^ EIGHT 

1 WEIGHT OF MUSCLE 
SAMPLE 

CREATINE IN FREBII 
MUSCLE 


kgms 

grams 

per cent 

1 

18 

100 

0 370 

2 

0 

75 

0 364 

3 

6 

100 

0 361 

4 

G 

100 

0 367 

5 

i 

12 

90 

0 373 

A\erage content of creatine 

0 367 


Creahne content of cat muscle 

The figures for the creatine content of cat muscle, as shown m 
Table III, are not as uniform as found in the case of the rabbit 
and dog, though, with two or three exceptions, the figures are 
fairly constant Cat 3 was a starving animal, whose original 
weight was 3 19 kgms , and had been depnved of food for about 
forty days Cat 11 was noted to be very poorly nounshed Cat 
9 was a moderately fat pregnant animal The low figure for Cat 
16 cannot be accounted for Although the vanations are pos- 
sibly connected with the nutntional state of the animal (fat or 
lean — ingestion of creatine with meat) we have no data to ex- 

table in 


Creatine content of cal muscle 


animal numbeb 1 

1 

1 BOD1 T* EtQHT 


CREATINE IN FRESH 
MUSCLE 

■ 

bgms 

grams 

per cent 

11 

0 77 

50 

0 515 

15 

0 88 

5S 

0 438 

14 

0 92 

40 

0 421 

13 

1 00 

50 

0 463 

16 

1 26 

77 

0 383 

12 

1 28 

61 

0 440 

3 

2 02 

100 

0 470 

o 

2 07 

100 

0 420 

5 

2 26 

100 

0 443 

9 

2 84 

100 

0 494 

Avenge content of creatine 

0 449 
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plun tlio'-o \ lrntioiis The wolf'll! does no! *ippeir to mfluencc 
(lie ronton! of oreitme in (lie ulult 

Influence of qrauth upon the crcnhnc content of cal muscle 

In T1I1I0 IV, figures ire recorded for the muscle creatine of kit- 
ten 1 ' from the same litter, lint at different lgcs These figures are 
in accord with the o!i«erv ations of Mellinby ,r on rabbits and 
chicken* of \arious ige* 


TAII1 1 1\ 


Fffcct of growth oti the creatine content of cal muscle 


AMW KU M mil rt 

•w 1 unit or AM .4 At 

^r 

enr \Tisr in rnrRit 
MLflcrE 


C ran* 

\ree 1 n 

per cent 

4 ! 

215 

O 

0 224 

2 | 

300 


0 285 

7 1 

3sr. 1 

") 

0 300 

S j 

10! 

G 

0 341 

10 ! 

070 , 

7 

0 4 07 

Crcntmc content of human muscle 


In two instances we hate been able to obtain satisfactory sam- 
ples of human mu«clc at lUlopsy with the following results 
The objection may be raised that the figures given for the muscle 
creatine of different animals arc not comparable, becauseof the pos- 
sibihtj of differences m composition, such as content of moisture 
or rather of solid matter Estimation of moisture in supposedly 


tabll v 

Crcatuic content of human muscle 



CAL ft! OF DEATH 

novhcy or 

ULRCLl 

cre \tinf 
is fresh 

MUSCLE 

MOISTURE 
or MUSCLE 

NITROGEN 
OF MUSCLE 

F 

Peritonitis 

| Abdominal j 

per cent 

0 39G 

per cent 

7G 4 

per cent 

3 G7 

M 

Amputation for sar- 
coma of the leg 

| Leg 

0 391 

7G 3 

3 44 


1 lac nl p 473 
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normal samples of muscle has been made m only a few instances, 
because the figures were always found to be very uniform, not 
only for the same animal, but for animals of different species 
The following figures for moisture, m addition to those for the 
human muscle above, may be cited Dog 1, 75 5 per cent, Cat 
5, 74 8 per cent. Cat 11, 75 8 per cent, Rabbit 12, 75 6 per cent , 
Rabbit 25, 74 5 per cent, Rabbit 35, 75 0 per cent 


Creatinine coefficient and muscle creatine 

It is a curious fact that the creatinine coefficient (milligrams 
of creatinine nitrogen eliminated per kilogram of body weight) 
of the rabbit is fully one-third higher than that found m man and 
the various experimental animals, dog, pig, 16 cow 17 and guinea 
pig 18 In forty rabbits in which we have had occasion to accu- 
rately determine the creatinme-nitrogen coefficient, it has been 
found to average 14 3 When the creatinine coefficients of the 
rabbit, dog and man are compared with the percentage content 
of muscle creatine m the same species, as shown m Table VT, an 
interesting and, as we believe, more than an accidental relation- 
ship is revealed If creatinine has its origin in muscle creatine, 
or some common precursor substance, we would naturally expect 
from the creatinine coefficient of the rabbit to find that the muscle 
of this animal had a relatively high percentage content of creatine 

Although our figures given m Table VI for human muscle only 
represent two observations and are considerably higher than those 
given by Chisolm, we are not inclined to accept the figures of 
Chisolm as the normal, for even m children and m certain patho- 
logical conditions, 15 we have failed to obtain results as low as those 


** Figures calculated from data of McCollum Airier Journ of Physiol , 
\xi\, p 210, 1911 

17 Figures calculated from data reported by Hart, McCollum, Steenbock 
and Humphrey The Umaersity of Wisconsin Agricultural Experiment 
Station, Research Bulletin 17, June 1911 
h Myers and Fine Unpublished data 

i* In a baby 3 months old, weighing 3 2 hgms , and dying from cerebro- 
spinal meningitis, muscle from the bach and groin contained 0 321 per cent 
creatine Muscle taken from the thigh id a case of marked edema m a 
man gave 0 311 per cent of creatine and SO 5 per cent moisture Muscle 
taken from the abdominal nail in a woman djing from general peritonitis 
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TAB IE VI 

/Motion between muscle crent tnr nnd creatinine coefficient 


AYIMAL 
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j 

prr cf n* 



Rabbit 

20 normal am- 1 


10 normal am 

i 


mals 

0 82 

mals 

14 3 

Mail 

2 experiments j 

0 39 

3 normal men 


| 


1 

about 27 jears| 





of ngo ' 


Dog 

r > normal am- 


3 normal nm- 



mala 

j 0 37 

mals 

8 4 


reported bj this author for supposedly normal muscle We hope 
to further extend our studies on humnn muscle According to 
Staffer 0 the normal creatinine coefficient in man falls between 
7 and 11 In three normal well-developed men about twenty- 
seven years of age figures of S 8, 9 0 and 9 2 respectively were 
obtained 21 

The a\ erage of the figures w Inch w e have tabulated above for 
the creatine content of dog muscle probably represents the correct 
■value, judging from the uniformity of the results upon which 
this figure w as based The creatinine coefficient m the dog shows 
some little variation, though the figure tabulated above proba- 
bly approximates the average result Shaffer 2 states m this 
connection, “The kreatimn coefficients of normal dogs are practi- 
cal^ the same as those given above for man Wolf and Oster- 
berg found an average of 8 2 for one dog and 7 0 for another 
Results of my own from four dogs he between the above 
figures ” 

contained 0 322 per cent creatine and had a moisture content of 80 2 per 
cent The differences in the moisture content of the muscle in the last 
two instances, as compared with the figures tabulated above, practically 
accounts for the difference m the creatine results, i e , by reducing these 
last results to the tabulated water content, figures of about 0 384 are ob- 
tained 

10 Shaffer Amer Journ of Physiol , xxm, p 1,1008 

11 Figures calculated from experiments on W W H , V C M and J F 
L reported by Mendel and Myers ibid , xxvi, p 77, 1910, and Mendel and 
HUditch ibid , xxvh, p 1, 1910 

11 Loc cit , p 5 
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The slight difference m the creatine content of dog muscle and 
human muscle, and m the creatinine coefficients of the same spec- 
ies (this statement could probably be made with regard to the 
pig, ox and guinea pig) is very interesting when compared with 
the uniformly greater values for the muscle creatine and the 
creatinine coefficient m the rabbit The rabbit appears to be a 
umque animal m this respect The comparatively high creatinine 
coefficient and high muscle creatine of the rabbit is very suggestive 
of the origin of creatimne from creatine 

With the view of ascertaining further data bearing on this point, 
experiments were planned m an endeavor to determine whether 
in a given animal, such as the rabbit, there was a constant rela- 
tionship between the total creatine of the body and the daily 
creatimne This ratio was ascertained in a series of one growing 
and eleven adult rabbits The protocols follow 

Rabbit 1, a gray -brown male animal was placed under observation on 
January 4, 1911, after a preliminary carrot diet period The creatinine elim- 
ination was determined on five successive days as 19 6, 19 8, 19 4, 20 0 and 

20 8 mgms creatimne N, an average of 19 9 mgms , giving a coefficient 
of 13 4 Creatine was absent from the urine On the morning of January 
11, the animal weighed 1 48 Lgms , previous to eating and at 10 a m was 
killed by bleeding after ether anesthesia The total skinned and eviscer- 
ated carcass plus heart weighed 804 grams The viscera minus heart 
weighed 392 grams The carcass contained 2 633 grams creatine and the 
viscera, 0 082 gram 

Rabbit 8, a brown-gray male rabbit, after the usual preliminary uniform 
carrot diet, was placed under observation on January 4, and the creatinine 
elimination determined on seven successive days to be 23 5, 22 6, 20 3, 27 0, 

21 5, 23 5 and 21 2 mgms creatinine N, an average of 22 8 mgms This fig- 
ure gave a coefficient of 14 7 calculated from its body weight of 1 55 kgms , 
a weight which the animal maintained throughout the experiment The 
rabbit eliminated no creatine When killed on January 15, the skinned 
and eviscerated carcass plus the heart weighed 830 grams and contained 
3 013 grams creatine The viscera minus the heart weighed 460 grams and 
contained 0 069 gram creatine 

Rabbit S, a female albino rabbit, after the customary preliminary diet 
was placed under study on January' 9 The seven daily creatinine nitro- 
gens were 24 7, 22 6, 23 4, 22 3, 19 9, 21 2 and 22 3 mgms , with an average 
of 22 3, giving a creatimne coefficient of 15 0 wnth the body weight of 1 4. 
kgms obtained on the morning of January 18, without food previous to 
being killed No creatine was eliminated m the urine The skinned and 
eviscerated carcass plus heart weighed 878 grams and contained 3 05J 
grams of creatine 
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Rabbit 4, i female albino, was placed under observation in tlic usual 
wa\ on .Tammrv 9 Ihc crcitinme N elimination for five da}s was 211, 
23 3 , 24 7 , 23 1 end 22 3 mgins , an av orage of 23 0 mgms , giv mg a crcftt mine 
coerticicnt of 13 4 with the bodv weight of 1 77 hgms The urine contained 
no creatine The annual was hilled on lanu m 23 The skinned and 
eviscerated carcass plus the heart weighed 940 grams and contained 3 095 
grams of creatine 

Rabbit 5, a htach male, was studied m the usual waj from Februnrv 1- 
0 The creatinine N elimination per dm for far dn\s was 20 1, 18 1 19 4, 
20 5 and 10 S logins , an average of 10 C mgms The bod} weight v\nsl 30 
kgms , giving a cocflicicnt of 11 1 The animal eliminated no creatine The 
shinned and c\ isccrated carcass plus the he irt w eighcd 700 grams and con- 
tained 2SI4 grams creatine 

Rabbit C, a female albino of 2 12 hgtiv> weight, eliminated from Januarj 
9-14, dad}, 32 2, 20 1, 29 1, 27 0 and 28 7 mgms creitimne N, averaging 
29 2 mgms The creatinine cocflicicnt was 33 7, no creatinine was eliminated 
The animal was hilled on Janunrv 20, the shinned and eviscerated carcnss 
plus the heart weighing 1172 grams It contained 3 535 grams creatine 

Rabbit 7, was a growing female albino, winch showed a gain in weight 
from 0 59 to 0 09 hgm during two weeks of ohserv ition, after beginning 
the experiment on Februar} 24 3 lie dailv irentininc N elimination for 

33 dajs was GO, 7 0, 0 5, 7 1, 7 3, 7 3, 7 1, 7 1 8 0 7 2 and 7 2, averaging 7 2 
mgms , and giving a coefficient of 10 4 with the hoc!} weight of 0 09 hgms 
There was a dad} elimination of between V and 2 mgms of creatine N J 
The weight of the shinned, eviscerated carcnss cmp!o}cd for ana!} sis was 
2S0 grams and this contained 0 917 gram of creatine 

Rabbit 9, a light-brown female adult animal, weighing 2 05 hgms, elim- 
inated dad} the following amounts of creatinine \ T 30 I, 30 0, 31 7, 29 1, 
25 1, 25 1, 27 8 , 25 1, 2S 7, 27 0, 2S 7 , 27 0 27 4 , 27 4 , 28 7, 28 7 2S 7, 29 3, 
29 1 and 29 0 mgms , an av crage of 28 3 mgms , giv mg a coefficient of 13 8 
Traces of creatine were detected in the urine on several da}s The animal 
was hilled on March 4 and the shinned and eviscerated carcass plus heart 
weighed 1140 grams and contained 3 385 grams of creatine 

Rabbit JO, a dark-gra> female, weighing 2 13 hgms , eliminated dnd> 
32 8, 32 9, 32 4, 31 5, 39 2, 32 4, 31 9 and 32 1 mgms of creatinine N, averag- 
ing 32 3 mgms 1 his gave a coefficient of 15 2 The urine contained no 
creatine The animal was killed on Februar} 21 and the shinned and 
eviscerated carcass plus the iicart weighed 1185 grams and contained 3 899 
grams of creatine 

Rabbit 1 1, an albino female, after the usual preliminary diet was found 
to eliminate 27 0, 25 8, 25 8, 24 7, 26 6, 25 8, 25 3, 23 5, 24 5, 24 8, 26 0 and 


15 The urine of growing animals contains creatine for some as yet unex- 
plained reason Cf Closson /truer Journ of Physiol, wi, p 252, K06, 
Rose this Journal, x, p 2G5, 1911, Fohn and Denis ibid , xt, p 253, 1912 
We have alsobecn able to verify this observation on children in some unpub- 
lished results 
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24 8 nigms of creatinine N per day, averaging 25 4 mgms and giving a 
coefficient of 13 5 with its body weight of 1 87 hgms No creatine was elim- 
inated in the urine The animal was killed on February 28, the skinned, 
eviscerated carcass weighed 9G5 grams and contained 3 070 grams creatine 

Rabbit 12, a graj female, was placed under observation m the usual 
way on March ±8 The dailv creatinine N elimination until March 29 was 
37 9, 39 0, 35 1, 36 3, 30 1, 38 3 38 3, 38 3, 37 4, 32 9 and 34 0 mgms On 
April 9 this animal gave birth to three young From April 11 to 16 the 
daily creatinine N was 38 3, 38 3, 40 5, 37 6 and 40 5 mgms , an average of 
37 1 mgms for both periods This gave a creatinine coefficient of 14 5 
vi i tli the body weight of 2 56 kgms No creatine was detected in the urine 
On April 16 the animal was killed A subcutaneous abscess, weighing 
about 50 grams, was found m the skin on the ventral surface of the body 
The skinned eviscerated carcass weighed 1480 grams and contained a mod- 
erate amount of fat, which was removed prior to extraction The total 
amount of creatine was 4 317 grams 

Rabbit 15 was an albino female Eight embryos were found when 
the animal was killed on March 23 The daily creatinine N elimination 
was 27 4, 27 0, 31 0, 2S 5 and 27 0 mgms , averaging 28 2 mgms This gave 
a coefficient of 15 2 when computed from the body weight of 1 89 kgms 
The urine contained no creatine The weight of the skinned, eviscerated 
carcass was 1035 grams and thts contained 3 370 grams of creatine 

In the above protocols, the samples of muscle taken for creatine 
analysis have not been considered, as they do not appear to be 
concerned in the problem at hand, these special data having been 
recorded in Table I Any creatine present m the internal organs 
or blood has not been tabulated, because it was thought that 
these small amounts, probably not over 0 1 gram m any case, 
would not invalidate our deductions 

In Table VII are given our results for this senes of experiments 
An inspection of this table shows that in the first five animals 
of nearly the same weight, about 2 kgms (exclusive of the first 
rabbit, No 12, weighing 2 56), the ratio between the total body 
creatine and the daily creatinine, was very constant, averaging 
44 7 1 This included animals with high creatinine coefficients 

(15 3) and low coefficients (13 5) In other words, animals with 
a high creatinine elimination had a proportionately high body 
content of creatine In rabbit 12, weighing 2 56 kgms , the cre- 
atine-creatimne ratio was 43 2 1 With smaller animals, the ratio 

of the creatine to the creatinine was found increased, eg ,m rabbit 
5 weighing 1 39 kgms , it was observed to be 53 3 1 In the grow- 

ing rabbit 7, which had a low creatimne coefficient, was ehminat- 
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TABU MI 


delation between Iota! creatine of tii\uci mill creatinine of urine in the 
rabbit Data tabulated in ordir of body v eight 
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ing creatine and Ji id n Ion percentage of bod} creatine, the ritio 
of total creatine to creatinine ms 49 3 1, a figure not essentially 

different from the other rabbits ne\t m si/e It is possible that 
the shghtlj high ratios observed in the last si\ animals may all be 
explained on the basis of age We appreciate the desirability 
of further data on this point The ratio between the total body 
creatine and daily creatinine would appear to be the most reliable 
means of comparing these two supposedly related substances, 
because the factor of body weight is here eliminated from the 
calculations 

Nevertheless in Table VIII, the data from ten rabbits, exclus- 
ive of Nos 12 and 7, the two extremes, have been arranged in 
order of the creatinine coefficients The animals with a low per- 
centage content of body creatine are seen to have low creatinine 
coefficients and vice versa It is not believed that these figures 
are simply referable to variations m body weight which enter 
into these calculations We endeavored to make our body weight 
figures as reliable as possible, the weight being taken in the morn- 
ing prior to giving food and after compression of the bladder 
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TABLE VIII 

Relation between per cent of body creatine and creatinine coefficient Data 
tabulated in order of creatinine coefficients 
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In this way a period of twelve to fourteen hours generally elapsed 
after the taking of food An inspection of Table VII shows that 
the creatinine elimination follows in every case the figures for 
body wqight, which is an indication of the reliability of these 
figures 

This uniform relation between the creatinine elimination and 
the body weight, falls in line with the original statement of Folm 4 
that “The chief factor determining the amount of creatinine 
eliminated appears to be the iveight of the person,” a point sub- 
sequently discussed by Benedict and one of us, 55 and by Shaffer " 6 
The reason in this case is, m our opinion, clear The relative 
proportion of the body tissues in a senes of rabbits wall be found 
relatively constant, i e , the adipose tissue is always small, m 
consequence of which the muscular tissue assumes a very uniform 
relation to the rest of the body To this uniform proportion 
of muscle with its constant content of creatine, we are inclined 
to ascribe the constant relation between body weight and unnary 
creatinine Shaffer’s statement that "Kreatimn 1S 

an index of some special process of normal metabolism taking 
place largely, if not wholly, in the muscles,” appears m a new 
and added light 


** Pohn Amer Journ of Physiol , mu, P 85,1905 
55 Benedict and ers ibid , win, p 392, 1907 
« Shaffer ibid , run, p 4, 190S 
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Bearing m mmd the const mc\ m the content of creatine m 
the striated muscle of the rabbit, it would appeir possible, from 
our figures for tot d bod\ crevtmc or per cent of body creatme 
(Table VII), to calculate the total amount of striated muscle m 
the bod\ of the ribbit and its relative proportion to the body 
weight Taking the ixcrngc figure for the content of body crea- 
tine, about 0 IS2 per cent, 35 per cent of the weight of the rabbit 
would be m the form of muscle tissue Should it be found possi- 
ble to ascertain the factor influencing the relation between the 
total bod\ croitme and the urmnn creatinine, the amount of 
muscle tissue could be calculated from the daih creatinine elimi- 
nation 

In a senes of experiments (IS) upon starving rabbits, which 
wall be considered m a subsequent paper and have already been 
reported in abstract ,“ 7 it has been found that the creatme appear- 
ing m the urine in this condition accounts very largely for the 
creatme which has been lost from the muscle tissue In a short 
fast this urmarj creatme almost entirely accounts for the creatme 
lost bv the tissues, but with an increase in the length of the fast 
this is progressively less true Tins deficit we arc inclined to 
ascribe to the creatinine eliminated during the period of starva- 
tion Should this be the case, it w'ould greatly strengthen the 
idea of the metabolic origin of creatinine from creatme or some 
common precursor substance There arc many factors which need 
to be considered m this connection such as specific enzymes, the 
oxidative power of the body toward these two compounds, etc 
Experiments arc in progress to determine the fate of administered 
creatine and creatinine, wath methods similar to those outlined 
aboie 

CONCLUSIONS 

It lias been pointed out that the creatme content of muscle in 
two typical animals, viz, the rabbit (herbivorous) and the dog 
(carnivorous) is very constant For the cat the figures were some- 
what less constant Not only is the content of muscle creatme 
relatively constant for a given animal, but the figures appear to 
be distinctive , 0 52 per cent for the rabbit, 0 45 per cent for the 
cat, 0 37 per cent for the dog, 0 39 per cent for man, etc 

7 Mj cr<< and Fine Proc Soc for Exp Biot and Med x, p 12 1912 
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Another fact to which we have called attention and which we 
believe to be of particular interest in this connection, is the cre- 
atinine coefficients of the same animals The creatinine elimi- 
nation appears to bear a distinct relation to the percentage content 
of muscle creatine m a given species The creatinine coefficient 
of the rabbit averages fully a third more than that of the dog and 
man, and we find similar relations with regard to the muscle 
creatine 

The constancy m the content of muscle creatine offers a satisfac- 
tory explanation for the constancy m the daily elimination of cre- 
atinine, first noted by Fohn and subsequently confirmed by many 
workers We have repeatedly observed that the daily creatinine 
in the rabbit may show almost identical figures for periods of 
days 

In rabbits of a nearly uniform weight it has been shown that 
a constant relation exists between the total creatine of the body and 
the daily creatinine elimination Animals with a high creatinine 
coefficient appear to have a proportionately higher content of 
body creatine 

In our series of twelve rabbits, the figures for the urinary cre- 
atinine follow the figures for body weight m every case The reason 
for this is, m our opimon, the uniform muscular development of 
the rabbit — very little adipose tissue — resulting m a relatively 
uniform body content of creatine, i e , of creatinme-formmg sub- 
stance 

Based upon our figures for the creatine content of rabbit muscle 
and of the creatine concentration of the body, we have calcu- 
lated that striated muscle forms 85 per cent of the body weight in 
this animal 



A NEW METHOD FOR DRYING TISSUES AND FLUIDS 


Bt JACOB ItOSENBLOOM 

( From the Laboratory of Biochemistry of the Unucrsity of Pittsburgh, 
Pittsburgh, Pa ) 

(Rcccn cd for publication, December 27, 1912 ) 

The methods m use at present for drying tissues and fluids may 
be classified as follows (1) Drying bj 1, means of salts, anhydrous 
sodium or calcium sulphate, (2) drying by means of alcohol, 
(3) drying in air or neutral gas 

As is w ell known all of these methods have many disadvantages 
The methods based on drying by means of anhydrous salts often 
cannot be used because the mass obtained is inconveniently large 
when one expects to carry out a Soxhlet extraction on the material 

The method to be described is based on the reaction between 
calcium carbide and water 

CaC- + HO = C,H 5 + CaO 
CaO + HjO = Ca(OH): 

and has many advantages, especially w hen drying tissues prelimin- 
ary to the evtraction of the contained lipms 

It may be noted that most of the water undergoes reaction with 
the carbide to form acetylene, the mass of material being much 
less on that account than when using calcium sulphate or sodium 
sulphate, because the water is taken up by these salts to form the 
hydrated salt and the water still remains in the material Also 
the calcium oxide formed in the reaction is a dehydrating agent and 
facilitates the drying 1 Another advantage m the calcium carbide 
method is that on account of the hardness of the carbide it is un- 
necessary to add sand m the mixing and grinding of the material 

1 The presence of calcium oxide is especially advantageous ivhen drying 
bile before extracting lipins as the calcium oxide forms an insoluble com- 
pound with the bile pigments and prevents their extraction by the solvents 
used 
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Also after the substance is dried, on treatment with any of the 
lipin solvents it takes on a granular form, thereby giving the 
solvent the best chance of reaching the soluble lipins enclosed m 
the large amount of insoluble substance making up the tissue 

This method may be used without any precaution at all when one 
simply wantsto extract qualitatively substances from tissues or fluids 
or for class-room n ork, such as the preparation of cholesterol from 
brain However, when using it for drying material before using the 
material for quantitative analysis, I have so far only found one dis- 
advantage Owing to the fact that the reaction between calcium 
carbide and water is markedly exothermic, it is possible that the 
heat developed might decompose certain of the constituents This 
can be minimized by adding the carbide in small amounts to the 
material to be dried, contained in a porcelain dish packed m ice 

When using the carbide for drying fluids, one simply adds the 
carbide in lumps until the material has lost its liquid form, then the 
powdered carbide is added till the drying is complete The same 
method is used for tissues, with the addition of thoroughly mixing 
the carbide by grinding just as in the other methods 

On account of the fact that acetylene is explosive and poison- 
ous it is wise to carry out the drying under a hood, free from 
flames 

In regard to any possible change that the acetylene might 
produce m the chemical nature of the constituents of the tissues or 
fluids dried by this method I can say that no differences could be 
detected in the character of the lipms of heart muscle (ox) and of 
urine, when obtained from material dried by this method, when 
compared with that obtained from heart muscle and urine, dried by 
means of anhydrous calcium sulphate 



PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS 

SI\TJI PAPER 

ON URIC ACID, UREA AND TOTAL NON-PROTEIN NITROGEN IN 
HUMAN BLOOD 

Bi OTTO POLIN' and W DENIS 
(From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Rocencd {or publication, December 31, 1912 ) 

In earlier papers of this senes we have reported studies on the 
non-protein nitrogenous products of the blood from the standpoint 
of absorption The definite nature of the results recorded was 
largely due to the fact that the new technique employed proved 
suitable for the work In the absence of unusually rapid absorption 
or of abnormally high levels of protein destruction (as m fevers) the 
non-protein nitrogen of the blood must be a more or less sharp index 
to the efficiency of the kidneys in removing the waste nitrogenous 
products circulating in the blood The investigation of the non- 
protein nitrogenous constituents of human blood is especially 
interesting from this point of view because of its possible clinical 
bearings 

We are well aware, of course, that a great many investigations 
have already been made m this field , in fact, ever since the time of 
Bright, clinicians have been interested m the “retention nitrogen” 
of the blood and have tried hard to connect it m one way or another 
with “uremia ” l But on the whole the results have not proved 
particularly convincing, instructive or helpful, either to physiolo- 
gists or to clinicians By means of our new methods, however, we 
expected at least to be able to measure various degrees of nitrogen 
retention and urea accumulation due to kidney inefficiency with 
much greater accuracy than had heretofore been possible 

1 For a r6sum6 of much of the literature on this subject see Obermayer 
and Popper Zeilschr f him Med , pp 72, 332, 1911 
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The ammonia in blood has received a large amount of attention in the 
study of nephritis The determination of this constituent in blood is, 
how ever, far more difficult than any of the earlier investigators realized, 
and their results are probably worthless The amount in normal blood is, 
ns w c now know , so minute as to be entirely out of reach by titration meth 
ods 2 We have not \ et made any investigations as to the extent to which 
lt/mny be found in pathological blood 

So far as the unc acid in human blood is concerned we have 
heretofore had t<? remain satisfied with the theoretical deduction 
that it must always be there because it is rather abundant m the 
urine and because its piesence in the blood m cases of gout, leukemia 
and lead poisoning has been demonstrated by a number of different 
investigators To be sure, Garrod claimed long ago to have demon- 
strated the presence of uric acid in normal human blood as well as 
in the blood of those suffering from gout or nephritis 3 But there 
is room for the suspicion that Garrod drew to a considerable exteat 
on his imagination when applying the “microscopic identification,” 
the “thread test” and the murexide reaction for the demonstration 
of uric acid in blood The modem precipitation methods (the 
methods of Salkowshi and of Kriiger) have proved inadequate for 
the task of finding unc acid in normal human blood Magnus-Levy, 
Klemperer, von Jaksch, Brugsch and Schittenhelm, all have failed 
to find the unc acid in normal blood by the help of these methods 
A few% notably Petr6n, have obtained positive results But at all 
events the detection of unc acid in normal human blood has been 
extremely uncertain, if not entirely impossible, and a “positive unc 
acid test” is accordingly extensively used and generally accepted as 
a valuable aid in the diagnosis of gout 4 5 

As already indicated m our paper on a method for determining 
unc acid in blood 6 there is as a matter of fact enough unc acid 
in normal human blood to make its quantitative determination 
(by that method) almost as simple as the determination of the 
urea or the total non-protein nitrogen 

2 This Journal, m, p 167, 1912 

5 The Nature and Treatment of Gout 

4 See Brugsch and Schittenhelm Zntschr f exp Path u er , , 

pp 43S, 440, 480 , 532, 538, 551, 1907 See also Gudzent Deutsch t 
Wochcnschr , xvxvm, p 603, 1912 

5 See the last number of this Journal, p 469 



Otto Fohn and W Denis 


3i 


All three determinations can be made without requiring mote 
than 20 to 30 cubic centimeters of blood We have therefore 
m a combination of these three determinations practically a new 
system of blood analj sis — certainly one well worth trying out on 
human blood for clinical purposes 
As a preliminary to such work and haxing for the first time a 
method capable of detecting extremely minute amounts of uric 
acid \ie thought it north nhile also to make a general survey of 
the blood of different kinds of animals The results of this sur- 
vey arc given in table 1 

table 1 


Uric acid, total non-protcin nitrogen ai d urea nitrogen m blood 
(The figures represent milligrams per 100 grams of blood ) 


1 

1 

URIC ACID 

NOV rnoTEIN I 
VITROGEV 

UREA 

NITROGEN 

- - . 1 

Rabbit (G cases) 

0 05 

31 

13 

Sheep (mixed blood) 

0 05 

28 

13 

Pig (mixed blood) 

0 05 

32 

14 

Horse (1 case, antitoxin animal) 

0 05 

54 

28 

Monkcj (1 case noljomylitio) 

0 05 

GO 

38 

Beef (mixed blood) 

0 2 

1 24 

14 

Cat (2 cases diet, liver) 

0 2 ! 

60 

34 

Cat (2 cases diet, milk and eggs) 

0 2 

G7 

37 

Cat (2 cases diet, rice and cream) 

0 2 

31 

20 

Chicken (6 cases, mixed blood) 

4 9 

32 

8 

Duck (4 cases, mixed blood) 

4 S 

34 j 

7 

Goose (1 case) 

4 8 

26 

8 


From the results obtained it would appear that the uric acid 
in the blood of rabbit, sheep and horse is almost nil, and that in 
the case of the other animals the amount though a trifle larger 
is still extraordinarily small — 0 2 of a milligram or less per 100 
grams of blood In bird’s blood where the origin of the uric acid 
is entirely different from that of mammals the amount is, of course, 
very much larger, but still is not as large as we had expected to 
find it It might not be out of place m this connection to call 
attention to the small amounts of urea found m the blood of 
birds as compared with the amounts occurring m blood of mam- 
mals 
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The results of our first survey of the uric acid m human blood 
are given m table 2 The figures can scarcely be said to represent 
the strictly normal variations for no attempt was made to select 
physically normal persons All the samples of blood for the 
analyses recorded in this table were obtained from newly admitted 
patients at the Massachusetts Psychopathic Hospital in Boston 6 
The uric acid figures of table 2 are arranged according to the 
amount of uric acid found We have also made an arbitrary 
division of the figures into three groups We have done this only 
to facilitate inspection with regard to the amount of uric acid 
most frequenth r found in human blood The uric acid figures 

TABLE 2 


Uric acid in unscleclcd human blood 
(The figures represent milligrams per 100 grams of blood ) 


Group 1, 5 cases < 

( 0 7 

1 0 9 

0 8 

0 8 

0 9 


1 0 

1 0 

1 2 

1 2 


1 2 

1 3 

1 4 

1 4 

Group 2, 22 cases j 

1 4 

1 5 

1 5 

1 6 

1 5 

1 6 

1 5 
1 6 


1 6 

1 G 

1 G 

1 8 


. 2 0 

2 0 




2 2 

2 4 

2 5 

2 G 

Group 3, 11 cases 

2 8 

2 S 

2 S 

2 9 


30 

3 5 

3 7 



recorded in group 2 representing from 1 to 2 milligrams of uric 
acid per 100 grams of blood are we believe well within the normal 
variations, but we are not prepared to say that they represent 
the full variations 

It is a curious and interesting fact that human blood contains 
several times as much uric acid as does the blood of any other 
mammal whose blood we have had the opportunity to examine 
The exceptional position of man indicated b 3 r the high uric acid 
and extremely little allantoin in urine, as recently referred to by 


' The blood was obtained in connection with the application of the 
“Wasserman reaction” and wo wish to express our obligation to Dr H 
Adler for having given us a large number of samples 
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Wicchowski 7 and by Huntci and Givens, 8 is thus again sharply 
indicated by the uric acid content of the blood 
For the urei and total non-protein nitrogen of human blood 
we do have figures lepresenting strictly normal material The 
blood was obtained from our medical students and from instruc- 
tors in the department It was diawn in the morning 3-6 hours 
after breakfasts which varied from “tea and toast” to "one egg, 
one pork chop, cereal, bread and cocoa ” 

TABLE 3 

7'otal non-protein nitrogen and urea nitrogen in normal human blood 


(Figures indicate milligrams per 100 grams of blood ) 


SAME 

\or 

SON PROTEIN 
NITROGEN 

UREA 

i NITROGEN 

01 

45 

f 

20 

13 

cr 

20 


23 

12 

H L ; 

35 

l 

2G 

13 

CE j 

35 


25 1 

1 13 

J D 

2G 


23 i 

12 

M IJ 

2S 

j 

25 

11 

H 1 

24 


24 

11 

LI? 

22 

t 

20 

11 

A G 

22 


20 

1 12 

H B 

22 

1 

22 


LB 

20 

i 

20 

13 

CS 

25 

1 

22 

11 

i, C 

22 

1 

23 

12 

SE 

22 

1 

25 

12 

JM I 

22 

i 

| 

20 1 

1? 

AS 

23 


24 

13 


From the figures for non-protem nitrogen and urea nitrogen m 
table 3 it wall be seen that the former vanes only between 22 and 
26 milligrams and the latter only between 11 and 13 milligrams 
per 100 grams of blood The narrowness of the range of varia- 
tion of these figures is quite remarkable It would seem that 
the perfectly normal kidney maintains a remarkably constant level 
of non-protem nitrogen and urea nitrogen m the blood A “per- 
fectly normal kidney” appears, however, to be the exception 
rather than the rule just as soon as one leaves the thorough^ 

7 Biochem Zeilschr , xxv, p 433, 1910 

8 This Journal, mu, p 372, 1912 
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healthy adults and begins to work on any kind of “clinical mater- 
ial ” The contrast between the normal non-protein nitrogen and 
urea figures of table 3 and the corresponding \alues obtained 
from syphilitics, as recorded m table 4, is rather appalling Out 
of the G3 cases cited, and these were taken in the order of the 
examinations without any selection, there are but 13 whose values 
are not higher than the normal as represented in table 3 The 

TABLE i 

Non-prolcin nitrogen and -urea nitrogen in the blood of syphilis patients 


(Figures are given in milligrams per 100 grams ) 


NON PROTEIN 

UREA 

f NOS PROTEIN 

UREA 

NON PROTEIN 

URFA 

nitrogen 

NITROGEN 

MTROGFV 

NITROGEN 

,1 NITROGEN 

]\ 

NITROGEN 

41 

23 

! 43 

25 

28 

13 

34 

22 

[1 41 

23 

! 34 

22 

31 

18 

I 3G 

22 

) 30 

20 

31 

18 

! 33 

20 

1 37 

10 

34 

22 

33 

20 

1 38 

16 

34 

20 

22 

12 

j 30 

20 

35 

23 

31 

15 

39 

18 

32 1 

18 

27 1 

14 

36 

17 

34 

21 

20 

10 

44 

26 

31 

18 

25 

12 

45 

21 

30 

15 

20 

13 

42 

18 

3G 

20 

25 

13 

35 

17 

32 

13 

24 

12 

30 

19 

31 

17 

33 

20 

39 

19 

30 

20 

25 

12 

41 

17 

41 

23 

| 25 

12 

42 

15 

34 

21 

23 

11 

42 

1G 

3S 

25 

33 

20 

43 

17 

35 

21 

l 30 

15 

41 

15 

38 

21 

27 

14 

32 

16 

41 

21 

25 

12 

42 

22 


ages of these patients varied from fourteen to about seventy, the 
time of infection from a feiy weeks to about twenty years 9 

That the impaired efficiency of the kidney indicated by the 
figures recorded in table 4 is not peculiar to syphilis is shown by 
corresponding values obtained from the insane Out of 21 o 
these, the figures for which are given in table 5, there are on y 

» Vic arc indebted to Dr Abner Post for this blood 
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7-10 whose nitrogen and urea figures arc normal when judged 
by the standard inlucs of t iblc 3 
In view of the striking difference in the condition of the blood 
of patients at hospitals ind cbnics as compared uuth that of strictly 
normal adults we were eager to see what kind of values would 
be obtained from patients suffering from recognised nephritis 
The results obtained from eleven cases of "chrome nephritis” are 
given m table 0 Of these not a single one gave normal urea or 
non-protein nitrogen figures The lowest figure obtained from 
nephritic blood is half again as large as the highest obtained from 
normal blood On the other hand some of the nephritic patients 

TABLE 5 

Xon-protcm nitrogen, urea nitrogen and uric acid in uniclcclcd 
human blood 

(The figures represent milligrams per 100 grams ) 


VON PROTEIN^ 

virnooES 

UJIEA 

VITROOEV 

unic ACID 

SON PHOTFIN 
MTUOGrN 

tni'v 

MTHOQLV 

iriwc acid 

43 

IS 

1 2 

32 

17 

2 4 

27 

14 

1 4 , 

24 

13 

2 0 

24 ! 

IS 

1 3 

35 

IS 

2 6 

50 

22 

1 2 

62 

4G 

2 1 

40 

21 

3 o ; 

30 

19 

2 8 

52 | 

32 

1 6 i 

28 

16 

2 0 

24 

13 

2 0 

32 

IS 

2 5 

50 j 

20 

1 4 

36 

19 

1 7 

36 | 

19 

0 S 

28 

16 

2 4 

28 1 

16 

2 0 

32 

19 

1 8 

34 

18 

1 5 





carry no greater accumulation of waste nitrogen in the blood 
than that found in some of the patients afflicted with syphilis 
or insanity In how many of the latter if might have been possible 
for an expert clinician to make a diagnosis of chronic nephritis 
cannot now be determined 10 

In the nitrogen and urea records of table 6 it will be noted that 
in the blood of one patient (No 5, A S ) the figures are nearly 
twice as large as the corresponding figures of an} other in the 
table and nearly four times as large as the normal 

10 This paper represents onlj a prcliminarj survej of the field — a sur 
which we hope to follow up later b} more exhaustive studies 



TABLE 0 

Uric acid, urea nitrogen and non-protein nitrogen in nephritic blood 
(1'igures represent milligrams per 100 grams ) 


* 

DFSCIUPTION OF CASK 

trnic ACID 

NON PROTEIN 

nitrogen 

UREA 

NITROGEN 

IMP, "old lady”, poorly nour- 
ished, blood pressure (sys ), 
200 Urine blood cells, chsts 

1 2 

50 

22 

2 T F , age05, "chronic nephritis," 
sys blood pressure, 220 Oed- 
ema, dyspnoea Urine al- 
bumin, casts and blood 

2 7 

40 

19 

2 Same patient one neck later 

2 5 

38 

19 

3 J D , age 03, “chronic nephritis,” 
arterio-sclcrosis, aneurism 
aorta, very cyanotic 

2 5 

54 

21 

4 E H T , age 08, blood-pressure 
200, no cardiac symptoms 
Urine trace of albumin, hyal- 
ine and granular casts 

3 9 

5 2 

20 

5 A S , age 45, blood-pressure 170, 
no oedema, skin very dark and 
variable in color Urine al- 
bumin, casts, blood 

2 2 

93 

1 

68 

6 Ch W, age 57, rheumatic for 
years , no oedema, no dyspnoea 
Urine albumin, hyaline and 
granular casts 

1 1 

1 42 I 

21 

7 J F , age 55, oedema in the feet, 
dyspnoea Urine albumin, 
pus, no casts 

2 1 

41 

21 

8 Ch M , age4G, alcoholic, oedema 
in the feet, dyspnoea Urine 
hyaline and granular casts and 
blood cells 

1 0 

43 

29 

9 O D , age 38, “fairly acute ne- 
phritis”, headache, vomiting 
Urine albumin, hyaline, granu- 
lar and wavy casts 

2 5 

46 

19 

10 It , age 57, no cardiac symptoms, 
slight oedema, blood-pressure 
180 Urine trace albumin, 
casts “Early stage of inter- 
stitial nephritis” 

2 0 

46 

19 

11 M L , age 51 , blood-pressure 
160 Urine casts, much al- 
bumin and pus Carcinoma 
of the breast and chronic ne- 
phritis— Dr Ordway 

2 9 

50 

33 


36 
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In connection with nn extensive series of invcstigntions of hum in blood 
in \ 'lrious disc ixcx, but pnrticulnrh nephritis, Stinuss subdivided the cases 
studied into chronic, interstitial and chronic parench j mntous nephritis 
(with and without urcmi i) Strauss worked with blood serum, taking 
100-200 cc of blood from each patient, and precipitated the proteins by means 
of acetic acid It appears to us verj improbable that the procedure cm- 
plovcd bj Strauss for removing the proteins could give uniform results 
At least that is our experience in connection with the determination of 
uric acid in blood when we use a very similar method for removing the 
proteins Traces of albuminous materials make no difference in our uric 
acid results, but would of course completely destroy the value of nitrogen 
determinations such as Strauss made Strauss’ results are nevertheless 
decidedly interesting But his conclusion that the non-protein nitrogen 
in chronic interstitial nephritis averages 82 mgm per 100 cc of serum and 40 
mgm in parcncliv mntous nephritis 11 is ccrtainlj not verified by our results 
reported m table 0 

The figures recorded in tables 5 and 6 are noteworthy m that 
they probably represent the first analyses on record where the 
uric acid, the urea and the total non-protein nitrogen have been 
determined in the same samples of human blood Further, from 
the figures we learn at once that there is apparently no relationship 
between the amount of unc acid and the amount of urea or total non- 
protan nitrogen in human blood 

The above italicized generalization is, we think, of fundamental 
importance from a clinical as well as from a physiological point 
of view The urea and total non-protein nitrogen in the blood 
must m the mam be inversely proportional to the general efficiency 
of the kidney since the kidney represents practically the only 
outlet for the nitrogenous waste products The significance of 
the uric acid is less clear In the absence of some other plaus- 
ible explanation, it, too, should occur m the blood m amounts 
inversely proportional to the ability of the kidney to remove it 
Such a view was accordingly m earlier times used to explain gout 
(Garrod), a disease characterized by the accumulation of uric acid 
m the blood 

This simple explanation, naturally the first one to be thought 
of, has not been able to withstand the criticisms to which it has 
been submitted To clinicians it has seemed incorrect bee uise 
gout and general kidney inefficiency do not go hand m hand 

11 Die chromschtn Ntercnenlzufid ungen 1902 p 24 
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From a physiological standpoint it was far-fetched because it 
assumed a specificity of the kidney toward different waste pro- 
ducts which was not warranted by anything that was known con- 
cerning the secretion of urine 

A more modem explanation of the absence of any proportion 
between the unc acid and the other nitrogenous waste products 
m blood would be borrowed from the current teaclungs with 
regard to the destruction of unc acid within the body Given 
some region, some tissue or organ, capable of destroying uric acid, 
and partial stagnation due to kidney inefficiency would result in 
the circulation of the uric acid laden blood over and over again 
through such a region and the accumulation of unc acid would 
be prevented A few years ago no one would have hesitated to 
accept this last explanation The work of Bunan and Schur 
seemed to furnish a substantial expenmental basis for it Just 
now there is room for a certain amount of hesitancy because of 
the genetic relationship which has been discovered to exist between 
uric acid and allantom in the unne (Wiechowski) 

Allantoin is regarded as a final waste product whose precursor 
is unc acid The urine of animals which contains little or no 
unc acid contains instead allantom m amounts sufficient to ac- 
count for the missing unc acid In man, however, the allantoin 
excretion is almost nothing, amounting only to 10 or 15 milli- 
grams or even less per twenty-four hours The practical absence 
of allantoin in human urine has at once raised the issue whether 
unc acid is destroyed within the human organism Wiechowski, 
Sivdn and Hunter and Givens 12 have taken the position that uric 
acid is probably a final waste product in man and is not destroyed 
by any human tissue Frank and Schittenhelm adopt the older 
view of Burian and Schur that the destruction of unc acid within 
the human organism is quite extensive, and Brugsch and Schitten- 
helm 13 have formulated a theory of gout based on a variable 
fermentative destruction of unc acid, the failure of which in gout 
is due to a defective cell metabolism and results in the accumula- 
tion of uric acid in the blood 

11 For the recent literature on the subject see the article by Hunter and 
Givens already cited 

” Loc rif 
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If the <11000111 of uric <icid m human blood ivere always small, 
» c , at the normal level, compared with the accumulation of the 
other nitrogenous uastc products, there nould hardly be room 
for any differences of opinion as to the ability of the human organ- 
ism to decompose uric acid, notwithstanding the fact that it, unlike 
other animal organisms, docs not convert the uric acid into allan- 
tom The situation is, lion ever, rendered more complex by the 
well established fact that m certain kinds of human blood (gout 
and lead poisoning) there is an accumulation of uric acid 
Analyses of human blood characterized bj 1, a high uric acid 
content are recorded m table 7 For the time being we venture 
to call this blood "uric acid blood” m order to emphasize our 
finding that it is abnormally rich m unc acid without containing 
correspondingly large amounts of urea or other waste nitrogen 
The distinctive character of this blood is we think unmistakable 
The unc acid may reach the saturation point (m the form of 
urate of soda) and may be as abundant as in the blood of birds > 
There is still a certain amount of dispute as to whether the unc 
acid elimination m gout is or is not appreciably diminished 
No one, however, claims that the unc acid output is increased 
above that found m the normal This is important The mere 
fact that the unc acid may accumulate m the blood of the gouty 
without being accompanied by an increased elimination consti- 
tutes definite proof that the gouty kidney is damaged with ref- 
erence to its ability to eliminate unc acid ? 

The hypothesis that there is normally a fermentative destruc- 
tion of unc acid within the human tissues and that this destructive 
process is diminished in gout, as suggested by Brugsch and Schitten- 
helm, is hopelessly inadequate because the undisputed fact is that 
the gouty kidney fails to respond with an increased elimination 
of unc acid when there are noteworthy accumulations of uric 
acid m the blood Further, the fact that some gouty kidneys 
are capable of eliminating the urea and other nitrogenous waste 
products almost or quite as well as strictly normal kidneys (see 
Nos 1 and 6 , table 7 ) comes very near proving that the kidney 
activity i 8 as selective as is the secretory activity of any other 
gland In pure gout unaccompanied by any abnormal urea re- 
tention m the blood the kidney is damaged (so far as we yet know) 
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TABLE 7 


Uric acid, urea nitrogen and non-protein nitrogen in " uric acid blood ” 
(Figures represent milligrams per 100 grams ) 


DrsruimoN or case 

1 

umc ACID 

NOV PROTEIN 

UREA 

_ 

NITROGEN 

NITROGEN 

1 Dr H, age 53 Gout Several 
typical attacks during the past 
seven years No tophi Ur- 
ine normal Last attack about 
si\ months ago 

3 9 

1 

, 25 

13 

2 Mr B , age 05 "Gout and vas- 
cular nephritis ” — Dr Pratt 

1 5 5 

52 

36 

3 Same case on a purine-free 
diet 

3 4 

1 

1 40 

28 

4 Mr T , age 29 Gout and alco- 
holic gastritis — Dr Pratt 

3 5 

1 

40 

23 

5 Mr S , “Pure gout, normal, very, 
healthy , tophi ” — Dr Pratt i 

4 4 

30 

15 

6 Mr B , ty pical gout, last attack > 
tw o years ago —Dr Josltn 

5 2 

28 

13 

7 Mr L , age 37, leukemia Spleen 
greatly enlarged Abdomen 
skin pigmented Oedema of 
feet — Dr Ordvvay 

3 1 

33 j 

14 

8 Same as 7 on a purine-free diet 

2 8 

! 44 

20 

9 Mr C , age 45 f leukemia Large 

spleen Urine normal — Dr 
Ordway 

10 Mr X , age 45, lead poison, 

third attack Alcoholic for 
some years 

4 1 i 

1 

4 7 

t 

■ 

50 

31 

11 Mr Y , Lead poison 

4 8 

52 

32 

12 Mr E , three attacks of pain m 
lumbar region during the past 
year, each time passed several 
small stones No arthritis no 
nephritis, no gout X-ray 

showed no stones in kidney — 
Dr Larrabee The stones con- 
tainedover95per cent uricacid 

5 2 

SO 

33 
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only with regard to its function of removing down to the normal 
level the uric acid of the blood 14 

The dam tge to the kidney resulting m the retention of uric 
acid and m the development of gout, may be a very' slight damage 
The normal kidney clearly" does not remove the uric acid from the 
blood as completely as the negative uric acid findings of previous 
miestigators seemed to indicate Normal human blood contains 
seyeral times as much utic acid as they thought Gouty" blood 
on the other h ind seems to contain less 15 Normal blood contains 
not less than from 1 to.2 or 2 5 milligrams of uric acid per 100 
grams of blood The blood in gout does not exceed 6 milligrams 
at least so far as our present experience goes There is, however, 
no reason to suppose that a uric acid concentration of 4 to 6 mil- 
ligrams per 100 grains of blood is very much more irritating or 
stimulating to the kidney" than the somewdiat more dilute solu- 
tions represented by" normal blood Disregarding the insolubil- 
ity of unc acid the elevation of its threshold of elimination from 
2 to 4 or G milligrams (per 100 grams of blood) is certainly a small 
one Kidney's m which the threshold of elimination for urea has 
risen by" 10 or 20 milligrams (per 100 grams) or even more are 
as we have seen (tables 4 and 5) extraordinarily common 

Such urea (and total nitrogen) retentions may represent latent 
or incipient nephritis, but in many, perhaps m most of these, 
the nephritis must remain latent or incipient, otherwise cases of 
recognized nephritis would be much more common than they are 
Whether any" recognizable effects on health may be traced to such 
urea retentions remains to be determined In the case of uric 
acid it seems to be purely a matter of chance, purely a matter 
of insolubility", that corresponding or even smaller degrees of 
kidney insufficiency and slight unc acid accumulation should 
result in all the serious consequences involved in the development 
of gout 

11 In leukemia (see Nos 7, 8, 9, table 7) the cause of the high uric acid 
in the blood is an increased production, and the kidney responds by elim- 
inating large quantities of uric acid 

15 From a consideration of the analytical technique employed by earlier 
investigators it is not difficult to see that thej -'"aid entirelj overlook 
moderate amounts of uric acid (1-2 mgm ) yet would get (by n eight or by 
nitrogen determinations) entirely too much if the} found ana at all 
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We have said nothing in this communication concerning endog- 
enous versus exogenous uric acid in blood — a distinction strongly 
emphasized by Brugsch and Schittenhelm in their papers on gout 
The distinction is one long considered from a therapeutic dietetic 
standpomt It may prove somewhat important from the stand- 
point of diagnosis, as well, in doubtful cases As m the case of 
the urea the difference between the normal and the abnormal 
unc acid level in the blood should however be unmistakable with- 
out regard to reasonable variations m the punne intake 
The investigations of the accumulation of waste products in 
human blood m various diseases are bemg continued 



THE CHEMISTRY OF GLUCONEOGENESIS 

II THE FORMATION OF GLUCOSE FROM VALERIANIC AND 
HEPTYLIC ACIDS 

BiA I RINGER 
With the Assistance of L Jonas 

( From the Department of Physiological Chemistry of the University of 
Pennsylvania , Philadelphia, Pa ) 

(Rcccned for publication, January 10, 1913 ) 

In a previous communication 1 under this title, evidence was 
presented to the effect that in phlorhizimzed animals, the admin- 
istration of 10 grams of propionic acid, as ammonium or sodium 
salts, per os or subcutaneously, was followed by an increase in the 
glucose elimination which corresponded to all of the carbon of 
the propiomc acid The suggestion was then made that phlor- 
hizimzed animals have the power of quantitatively 2 3 synthesizing 
propiomc acid into glucose In this senes of experiments the 
influence of the homologues of propiomc acid are considered 

Methods 

Female dogs were used in all the experiments The urine was collected 
by catheter, and the bladder washed with distilled water at the end of 
every period Merck’s phlorhizin was used, and was injected m 2-gram 
doses three times per twenty-four hours, as recommended by Lusk * The 
following methods were used in the analyses nitrogen, Kjeldahl-Gunning, 
ammonia, Fohn, total acetone, Huppert-Messinger, aceto-acetic acid, 
Embden, glucose, the AJhhn gravimetric method, also by polarization after 
clarifying the urine with basic lead acetate, / 3 -hydroxybutync acid, deter- 
mined by Magnus-Levy’s method The 0-hydroxybutyric acid results are 
relative, not absolute, for it was found that a considerable amount of 

1 A I Ringer The Chemistry of Gluconeogenesis I The Quantitative 
Conversion of Propionic Acid into Glucose, this Journal, xii, p 511, 1912 

* By quantitative, in this case, we understand the utilization of the 
entire molecule for the synthesis of glucose 

3 Graham Lusk Phlorhizinglukosurie, Ergeb d Physiol , xui, p 315, 
1912 
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phlorliizin was eliminated by the kidneys in the unne This phlorhizin 
is extracted with the etlier and has a specific rotation of — 42 3° The result 
of this mxcstigation will be reported in the near future 

The effect of formic acid (HCOOH) 

In the first table are tabulated the results of an experiment in 
which the animal received 11 5 grams of formic acid, subcuta- 
neously, as sodium salt dissolved in 50 cc of water There was 
no increase m the glucose, nor any increase in the D N ratio 
In experiment V, period V, the animal received a similar amount 
of formic acid, with similarly negative results These two experi- 
ments show that the diabetic organism does not possess the power 
of utilizing formic acid in the synthesis of glucose 

The effect of normal butyric acid (CH 3 -CH 2 -CH 2 -COOII) 

In experiment V, period III, the animal received subcutane- 
ously, 10 grams of normal butync acid (Merck) dissolved in 50 
cc of water and neutralized with sodium hydroxide In experi- 
ment VI, period IV, the animal received 20 grams of the same 
butyric acid, administered m a similar manner In neither experi- 
ment was there any increase in the glucose elimination The 
t aceto-acetic acid and /S-liydroxybutync acid, however, were m- 
gcreased quite markedly During period V of experiment VI the 
’ animal was in deep coma, presenting all the typical symptoms of 
diabetic coma, and it ended in death 

The effect of normal valerianic acid (CH3-CH2-CH2-CH2-COOH) 

In experiment VII, period II, 9 2 grams of normal valerianic 
acid (Kahlbaum), dissolved in 50 cc of water and neutralized 
with sodium hydroxide, were administered subcutaneously The 
glucose elimination, which was 19 23 grams in the first period, 
rose to 24 13, in spite of a lower nitrogen metabolism m that 
period The D N ratio, which normally has a tendency to sink 
with the progress of the glucosuria, rose from 3 38 in the first 
penod to 5 05 and 3 97 in the second and third periods, respectively 
It is evident therefore that “extra glucose” was eliminated during 
periods II and III which did not find its origin in the catabohzed 
protein As no analyses were made during period IV of that 
experiment, we are forced to assume that the D N ratio m 



A I Ringer 45 

periods II and III would have remained at 3 38 had no valerianic 
acid been given In calculating the “extra glucose” an error is 
thus introduced which makes the results a little too low The 
extra glucose can be calculated by the following formula EG = G 
— (N X Q) , EG stands for extra glucose, G stands for the value 
of the glucose eliminated, iV stands for the value of the nitrogen, 
Q stands for the value of the assumed D N quotient 

G in periods II nnd III is equal to 24 13 + 18 54 = 42 67 grams 

A f in periods II nnd III is equal to 4 78 + 4 67 = 9 45 grams 

Q in periods II and III is assumed to be 3 3S 

E G - G — (A 1 X (?) ■= 42 67 — (9 45 X 3 38) = 10 7 

9 2 grams of normal valcriamc acid give nse to 10 7 grams of 
extra glucose 

In experiment IX, period II, the animal received 14 2 grams of 
normal valerianic acid administered as above The glucose elimi- 
nation rose from 18 28 grams in the fore period to 26 20 and 21 08 
in the second and third periods respectively The D N ratio, 
nhich was 3 55 in the fore period, rose to 5 28 and 3 89 in the 
second and third periods 

Calculation of "extra glucose ” 

G in periods II and III is equal to 26 20 + 21 08 = 47 28 grams 

N in periods II and III is equal to 4 96 + 5 41 = 10 37 grams 

_ 3 55 3 64 

Q in periods II arid III is assumed to be = 36 

E G = G — (IV X Q) = 47 28 — (10 37 X 3 6) = 9 95 

1/+ 2 grams of normal valerianic acid give nse to 9 95 grams of 
extra glucose 

These two experiments agree m showing that normal valeri- 
anic acid can be utihzed m the synthesis of glucose Although the 
extent of the utilization differs widely m these two experiments, 
we are justified, from the very nature of experiments on phlor- 
hizimzed ammals, in accepting the maximal figures as the ones 
which show the maximum extent of synthesis In experiment 
VII we obtained 10 7 grams of glucose from 9 2 grams of normal 
valerianic acid Calculated per 10 0 grams of valerianic acid, the 
yield of glucose is equal to 11 6 grams In experiment IX, 14 2 
grams of valerianic acid yielded 9 95 grams of glucose, which 
gives for 10 0 grams of this acid 7 0 grams of glucose How can 
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we assume this glucose to have arisen from the valenaxuc acid mole- 
cule? A glance at the relationship of the valerianic acid molecule 
to the glucose molecule may throw light on this 
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There are two possible ways m which valerianic acid may be 
converted into glucose The first is by the utilization of all the 
carbons of valerianic acid in the upbuilding of the glucose mole- 
cule In this case, 10 2 grams of the acid should give nse to 18 0 
grams of glucose This is not m accord with the findings in the 
experiments, and is besides highly improbable The other possi- 
bility is that the products of decomposition of valerianic acid are 
synthesized into glucose From the researches of Knoop, Embden, 
Dakin 4 and others, it is well established that the normal fatty 
acids in the animal body undergo oxidation and cleavage in the 
^-position Valenanic acid would then give nse to propionic 
acid, which has already been shown by the writer 6 to be completely 
converted into glucose Two molecules of valenanic acid would 
therefore be required for the formation of one molecule of glucose 
Expressed m gram-molecular weight 10 2 grams of valenanic acid 
should give nse to 9 grams of glucose, which is m accordance with 
our findings The conclusion is therefore justified that valenanic 
acid gives nse to glucose m so far as it can give nse to -propionic acid 

The effect of normal caproic acid (CH3-GH2-CH2-CH2-CH--GOOH) 

In expenment VIII, penod II, the animal received 9 2 grams of 
normal caproic acid (Kahlbaum) as sodium salt In expenment 

' H D Dakin Oxidations and Reductions in the Animal Body, bong- 
mans, Green and Company, 1912, contains the most recent review of the 
literature 

* Loc c it 
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IX, period V, the ammnl received 10 3 grams of the same acid 
In neither case was there any increase m the glucose elimination 
The acetone bodies, aceto-acetic acid and /3-hydroxybutyric acid 
were increased considerably, especially in experiment IX These 
two experiments corroborate the findings of earlier investigators 6 
who found that caproic acid is a /3-hydroxybutyric acid builder 

The effect of normal heptyhe acid 

(CH r CH :: -CH 2 -CH : -CH 2 -CH 2 -COOH) 

In experiment IX, period VII, 13 grams of normal heptyhe 
acid were administered subcutaneously The glucose elimination 
in that period vias increased, but to a lesser extent than after 
valerianic acid feeding Assuming that all of the extra glucose 
came out in that period, then EG = G—(NXQ) = 1915 — 
(4 13 X 3 75) = 3 67 grams of extra glucose In experiment X, 
period II, 13 grams of heptyhe acid were administered as above 
The glucose rose from 15 63 in the fore period to 20 99, the D N 
ratio rose from 3 71 to 4 20 

E G = G — {N X Q) = 20 99 — (5 0 X 3 78) = 2 09 grams of 
extra glucose The amount of glucose derived from heptyhe acid 
is indeed small, but an examination of the table convinces one that 
there is a decided increase, and that it can come from no other 


source The heptyhe acid 

no doubt undergoes oxidation and 

cleavage in 

the /3-position, bemg converted into valerianic acid 

and finally into propionic acid, and this fraction of the heptyhe 

acid molecule goes over into glucose 
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The yield of glucose in these tuo experiments was not is great 
as might theoretically be expected Further experiments will be 
performed soon, with the hope of establishing a more exactquanti- 
tative relationship 

It is very evident from these experiments that, while the fatty 
acids with the even number of carbons, as butyric and caproic 
acids, give rise to aceto-acetic acid and ff-hydroxybutyric acid, 
those until an uneven number of carbons give rise to glucose The 
amount of glucose that arises diminishes until the size of the fatty 
acid molecule, and there is every reason to believe that it is only 
the three final carbons which contribute to the glucose formation 
If this is proven to be true in the case of the higher fatty acids 
with C 15 and Cu, it may be of the utmost value m the treatment 
of diabetes melhtus 

It is now very well established that aceto-acetic acid and j3- 
hydroxybutyric acid find their origin mamly m the catabolism of 
the fatty acids with an even number of carbon atoms 256 grains 
of palmitic acid m severe cases of diabetes may give rise to as 
much as 104 grams of /3-hydroxybutyric acid Should we find 
that the fats containing Ci& or C n (winch are m progress of prep- 
aration now) are burned m the body, we may thus have a very 
efficacious means of combating acidosis From the above experi- 
ments we may rightly conclude that the fatty acids with an 
uneven number of carbons undergo oxidation in the ^-position, 
and thus they cannot possibly give rise to acids with an even 
number of carbons 

Very interesting, also, is the fact that, m every case m which 
gluconeogenesis takes place, it is associated with a coincident 
antiketogenic process It is illustrated very markedly in the case 
of the propionic acid feeding 7 

Experiments on the different phases of this problem and their 
bearing on diabetes are being earned on, and I beg to be permitted 
to reserve this field of research for a reasonable length of time 


1 A I Rmger toe nt 
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SUMMAm 

Experiments were performed on phlorlnzimzcd dogs and the 
g.ucosc, nitrogen, ammonia, acetone, accto-acetic acid and /?- 
lij droxybutj ric acid eliminations were studied 

I The administration of formic acid is not followed by any 
increase in the glucose elimination 

II Butyric and caproic acids produce an increase in the aceto- 
acetic and /3-h> droxj butyric acid eliminations, but no increase in 
the glucose 

III Valerianic and heptyhc acids give rise to glucose, in all 
probability because of the formation of propionic acid as an inter- 
mediary body in their catabolism, after undergoing /3-oxidation 

IV Attention is called to the fact that the fatty acids with an 
uneven number of carbon atoms give rise to glucose 

The experimental data will be found in the following tables 
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STUDIES IN COTTON SEED MEAL INTOXICATION 1 1 
PYROPHOSPHORIC ACID 

B\ \V A WITHERS and B J RAY 
With Tin Collaboration of R S Curtis and G A Roberts 
(From the North Carolina Agricultural Experiment Station, Raleigh, N C ) 

(Rcccixcd for publication, Januarj 2, 1913 ) 

The injurious effect of the continuous feeding of cotton seed 
meal to cakes and swine has been known for years The cause 
has been ascribed bj f various investigators 2 to lint, oil, high pro- 
tein content, a to\albumin, choline, betaine, resin and decomposi- 
tion products Crawford 3 m a preliminary paper published in 
March 1910 states that “The chief poisonous principle m certain 
cotton seed meals is a salt of pyrophosphoric acid ” Crawford’s 
conclusion is based upon the study of an extract obtained by 
digesting the meal at body temperature one day with pepsin and 
one day with pancreatin He fed with a catheter extracts of cotton 
seed meal, these extracts corresponding to amounts of meal very 
much in excess of those which would be fed ordinarily He made 
no study of the undissolved residues 

We began the study of the subject in 1908 and, since that time, 
have used many solvents in our efforts to extract the toxic sub- 
stance The undissolved residue having proved toxic in every 
case, we decided to investigate the residue undissolved by the pep- 
sm-pancreatm treatment We also tried other feeds which bear 
upon the question 

The animals selected were rabbits Our normal daily feed for 
each animal was 15 grams of cotton seed meal or an amount of 
some fraction equivalent to 15 grams of meal As the rabbits 
used averaged about 1 5 kilos the daily feed corresponds to 10 

‘This paper was read before the Biological Chemical Section of the 
American Chemical Society at the Washington meeting December, 1911 
(except the results of the last experiment on sodium pj rophosphate) 

2 Exp Sla Record, xxn, p 50 2, 1910 

3 Journ of Pharmacol , I, p 547, 1910 

S3 

THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL XII NO 2 
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The Toxicity of Cotton Seed Meal 

grams per kilogram of initial live weight The unconsumed feed 
was estimated and correction made Each animal was allowed 
pea vines, cabbage leaves or other green feed each morning We 
mixed molasses with the cotton seed meal and, when some frac- 
tion of the meal was being fed, the portion of meal removed was 
replaced by an equivalent weight of wheat bran Six controls 
were run during the entire time of the experiment and all the 
control animals lived The feeds, daiiy and total, are all calcu- 
lated to the equivalent m grams of cotton seed meal per kilo of 
initial weight of animal 

Pepsin and pancreatm extract 

Raw cotton seed meal was digested one day each with pepsin 
and pancreatm The mass was filtered, and the filtrate concen- 
trated to small volume The solution was fed through a catheter 
m amounts corresponding to 200 grains of meal 

Nine rabbits were taken, varying in weight from 1461 to 2240 
grams, average 1752 All lost m weight an average of 123 grams 
Two were made very sick but survived, two showed no ill effect 
except loss in weight and five died The amount fed corresponded 
to ten times our normal feed of cotton seed meal The P»0s in 
the feed was 2 22 grams 

Sodium pyrophosphate 

Sodium pyrophosphate was prepared m the laboratoiy by 
igniting disodium phosphate The product responded to the tests 
for pyrophosphate and for freedom from orthophosphates 4 157 
grams corresponded to 2 22 grams of P2O5, the amount contained 
m the pepsin-pancreatm extract of 200 grains of meal The 
pyrophosphate for each animal was dissolved m 65 cc of water 
and fed through a catheter 

One rabbit weighing 2070 grams died during the night following 
feeding Another rabbit weighing 1456 grams, similarly fed, died 
thirty-one minutes afterwards 

The results of the preceding experiments indicate that t e 
pepsin-pancreatm extract of 200 grams of meal is generally toxic 
when given at one feeding and that the Na 4 P20 7 correspon mg 
to the amount of P 2 0 6 m that amount of meal is toxic if adminis- 
tered at a single feeding 
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Colton seed meal 

Twelve rabbits were taken whose initial weights ranged from 970 
to 2560 grams, the average being 1559 grams All the animals 
died within from 8 to 21 dajs, average, 13 days The average 
loss in weight was 379 grams The total amount of meal con- 
sumed by each animal ranged fiom 105 to 225 grams, average, 
157 grams The total amount eaten was practically 100 grams 
per lalo of initial weight of the animal, making an average daily 
consumption of meal equivalent to 7 7 grams per kilo of animal 
These figures indicate the degree of toxicity of the meal towards 
the animals under the conditions of the experiment There were 
2 76 grams of P 2 0 6 in the average feed or 0 21 gram m the daily 
feed 


Sodium pyrophosphate corresponding to whole meal 

Our cotton seed meal contained 1 76 per cent of P 2 0 6 If it 
were all m the form of pjTophosphate, 0 4157 gram of sodium 
pyrophosphate containing 0 222 gram of P»0 6 would contain an 
amount equivalent to 12 5 grams of meal 

Four rabbits varying from 790 to 1550 grams, averaging 1117 
grams, were fed daily 0 4157 gram of Na.iP s 0 7 Each animal 
gamed m weight, the average gain being 243 grams At the end of 
fifty-two days the feed was discontinued, all the ammals being 
m good condition For each kilo of animal the equivalent of the 
feed in cotton seed meal was a total of 582 grams, daily, 11 2 
grams 

This feed furnished each animal daily With more pyrophos- 
phonc acid than the amount received by each animal eating the 
raw meal, yet this feed was non-toxic and the meal toxic This 
indicates that pyrophosphonc acid is not the cause of toxicity m 
cotton seed meal 

Our next step was to ascertain which was the more toxic portion 
of the meal, the aqueous extract, the pepsm-panereatin extract 
of the residue undissolved by water or the residue undissolved 
after both of these treatments 

Aqueous extract of cotton seed meal 

1260 grams of cotton seed meal were stirred at room temper- 
ature with 1050 cc of water and 10 cc of chloroform for twenty- 
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four hours The solution was filtered, the liquid evaporated over 
a water bath to a syrup, poured over 240 grams of bran, mixed 
thoroughly, dried and fed to each animal m amounts correspond- 
ing to 30 grams of cotton seed meal daily— twice our normal feed 
Six animals were taken One animal died after 16 days, having 
lost 369 grams The death being from causes other than the 
feed the observations are not included The other five animals 
ranged in weight from 1137 to 1947 grams, average, 1400 The 
feed was discontinued after thirty-eight days, the animals havmg 
gained an average of 203 grams There were 2 26 grams of PA 
m the total average feed or 0 06 gram m the daily feed 


Pepsin and pancreatin extract 

The residue left upon the filter in preparing the preceding feed 
w as w ashed thorough!}' with hot water and then digested at 40° 
for one day each with pepsin and pancreatin The mass was 
filtered, the filtrate evaporated over a water bath to a syrup, 
poured over bran and dried Each animal was fed daily the 
amount corresponding to 30 grams of cotton seed meal — double 
our normal 

Six rabbits were taken ranging in weight from 1516 to 1864 
grams, average, 1683 At the end of thirty-eight days the feed 
was discontinued, the animals having gained an average of 73 
grams each 

There w ere 5 22 grams of PA in the total feed or 0 14 gram m 
the daily feed 


Residue undissohed by treatment with water, pepsin and pancreatin 

The mass left after filtering off the solution from which the 
preceding pepsin and pancreatin extract feed was prepared was 
washed wnth hot water and dried It was then finely ground in a 
mill 8 8 grams, corresponding to 15 grams of meal, w r ere rrnxc 
with bran and molasses and fed to each of six rabbits The ra i s 
ranged m weight from 1374 to 1773 grams, average, 1592 grams 
Five died m 14 to 16 days and the remaining one died at e 
end of 27 days— the average of all being 18 days The average 
loss m weight was 325 grams The total feed ^consume co 
sponded to cotton seed meal equivalent to 116 s \ a “ S ,p g4 
initial average weight of animal, the average or a y 
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grams per kilo The total PA consumed by the average was 
1 96 grams, the average for a day being Oil gram of PA 

It is thus seen that the residue undissolved by the treatment 
of the meal with water, pepsin and pancreatin solutions is to\ie, 
but both of the extracts, although the} corresponded to almost 
three or four times as much meal, were non-toxic 

The total PA in the toxic portion (1 96 grams) was less than 
m either of the non-toxic fractions 

Residue undissolved by pepsin and pancreatin 

Cotton seed meal was digested as in our first experiment n ith 
pepsm and pancreatin The mass was filtered and the residue 
was washed with water, dried and ground 10 7 grams corre- 
sponded to 15 grams of meal Three rabbits were taken, weighing 
I860 and 2289 grams, average, 2124 grams All lost m weight, 
the average being 552 grams, and all died m an average of 21 
days — the range being from 15 to 27 days The total feed per 
kilo of animal corresponded to an equivalent of 128 grams of 
cotton seed meal, the average daily feed being 6 1 grams per kilo 
There were m the total average feed 1 40 grams of PA, making 
a daily average of 0 07 gram 

This feed resembled the preceding feed closely, both in com- 
position and results, and confirms our conclusions that the most 
toxic part of the meal is in the residue undissolved by pepsin and 
pancreatm 

We next prepared a feed which had an inappreciable amount 
of PA and yet which was toxic Our solvent was ammonium 
citrate solution 


Residue after citrate extraction 

450 grams of cotton seed meal were extracted with 1500 cc of a 
solution of ammonium citrate following the A O A C method 
for determining insoluble phosphoric acid The mass was filtered, 
the residue washed and dried 7 8 grams were the equivalent of 
15 grams of meal 

Five rabbits were fed on this mixture The weights ranged 
from 1350 to 2380 grams, average, 1602 grams All lost m weight, 
the average loss being 438 grams All died in from 17 to 29 days, 
the average being 21 days The total feed equivalent in cotton 
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seed meal was 168 grams and the daily feed 8 0 grams per kilo 
of initial live weight 

The total P 20s consumed by each was 0 60 gram, a daily aver- 
age of 0 03 gram This feed was almost as toxic as the whole 
meal or the pepsm-pancreatm residue, although it contained but 
an insignificant amount of P 2 0 5 

Sodium ‘pyrophosphate 

The residue after ammonium citrate extraction contained a total 
of 0 60 gram of P2O5 m the amount consumed in twenty-one 
days If all the P; 0 5 were m the form of pyrophosphate it would 
be the equivalent of 1 11 grams of Na^Oy This amount dis- 
solved in 60 cc of distilled water was fed on January 17, 1912, at 
one feeding, through a catheter, to each of six rabbits, whose 
average weight was 1827 grams The weights ranged from 1732 
to 2037 grams The average gam for each animal was three 
grams The animals did not seem to experience any ill effects 
from the feed 

As the citrate residue, which proved toxic m 21 days, contained 
a total of 0 60 gram of P 4 0 6 m the form of NrjP 2 0 7 , and as this 
amount of P 2 06 given at a single feeding to each of six rabbits 
proved harmless, the cause of the toxicity of the citrate residue 
is not pyrophosphonc acid 


SUMMARY 

Experiments show that the pepsin-pancreatin extract of cotton 
seed meal is toxic generally to rabbits, when fed m amounts corre- 
sponding to from fifteen to twenty times the amount of meal 
normally fed, and that the pyrophosphonc acid corresponding to 
this extract is toxic if fed similarly 

The pepsm-pancreatm residue is more toxic than the aqueous 
or pepsm-pancreatm extracts of the meal — in fact it is the only 
one of the three fractions which is toxic under the conditions of 
the feeding 

A fraction of cotton seed meal contaimng a non-toxic amou 
of pyrophosphonc acid may be toxic 

The results indicate that pyrophosphonc acid is not the cause 

of toxicity of cotton seed meal 



THE INFLUENCE OF FUNCTION ON THE LIME 
REQUIREMENTS OF ANIMALS 1 

Br H STEENBOCIC and E B HART 
(F rom the Laboratory of Agricultural Chemistry of the University of Hi scon sin ) 

(Receii cd for publication, January 4, 1913 ) 

A question which has baffled pathologists for a long time, and 
one which is not yet in a fair way of solution, is the cause of specific 
bone diseases known as rachitis, osteoporosis and osteomalacia, 
diseases which are all characterized by an impoverishment of the 
bones in inorganic substances It is not desired to go into a dis- 
cussion of the etiology of these pathological conditions, as a 
review of the literature will be found in various treatises , 2 but it 
is desired to correlate observations made m the study of these 
diseases with some experiments conducted with domestic animals 
designed to establish their minimum requirement of lime 

In regard to the amount of lime needed by an organism to 
enable it to maintain itself in lime equilibrium, we find no unanimity 
of opinion It is evident that the lime requirements as well as 
the requirements for other inorganic substances vary with the 
physiological condition and activities of the animal A growing 
animal, a starving animal, a -pregnant animal and a milk-produc- 
mg animal, each has its specific drains upon the mineral nutrients 

Undoubtedly an immature and growing animal demands a 
greater supply of lime m its ration than a mature one Indeed 
the demand for lune m a dog has been found to stand m a direct 
relation to the rapidity of its growth 1 All mvestigators agree 
that with a growing a nim al a rachitic condition of the bones can 

1 Published by permission of the Director of the AgncuRural Exper- 
iment Station 

* McCrudden Archives of Internal Medicine, v, p 596, 1910, Voit 
Zeilschr f Biol , xvi, p 55, 1880, Aron Biochem Zeitschr , xn, p 28, 1908, 
Dibbelt Arbeit a d -path Inst Tubingen, vn, p 144, 1909 

* Aron and Sebauer Biochem Zeitschr , vm, p 1, 1908, Voit Zeitschr 
f Biol , xvi, p 55, 1880 
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be very readily obtained by feeding a low lime ration 4 With 
mature animals there is no such uniformity of opinion Dibbelt, 5 
working with a mature dog weighing 28 pounds, secured a positive 
balance of 0 1 gram of CaO over a ten-day penod with a meat- 
lard diet supplying but 0 05 gram of CaO per day Heiss 6 kept 
a mature dog weighing 8 8 pounds for a penod of 308 days prac- 
tically m lime equilibrium on a ration supplying 0 042 gram of CaO 
per day Forster, 7 Voit, 8 Muller 9 and Kochmann, 10 on the basis 
of their experimental data, maintain that such a low lime ration 
cannot satisfy the requirements of even a mature animal and pre- 
sent protocols showing negative balances on even high lime rations 
So far as we are aware, however, there are no tissue analyses at 
hand showing that the skeleton of a mature animal can be thus 
impoverished 

With starving animals there is a continual loss of lime in the 
unne as well as m the feces Munk, 11 working with a dog, 
observed a loss of 0 176 gram m the feces and 0 029-0 096 gram 
in the urine daily for a ten-day penod With the professional 
faster, Cetti, he 1 ’ observed a loss of 4 08 grams of CaO in ten days 
and with Breitliaupt, 0 561 gram m six days 
With pregnant animals it is well known that a developing fetus 
constitutes an intense dram upon the lime supply of the mother, 
which may be sufficiently impovenshed m this manner to show- 
intense pathological symptoms 13 

THE INTESTINAL FACTOR IN' DETERMINING THE MINIMUM LIME 
REQUIREMENT OF ANIMALS FOB MAINTENANCE 

Data collected from all sources show, without exception, that 
our domestic animals require a continual renewal of the supply of 
inorganic elements to repair the losses incurred m metabolism 

4 Voit, Aron, McCrudden, Dibbelt loc cil 

* Dibbelt loc cit 

> Hetss Zeilschr f Biol , xn, p 165, 1676 

7 Forster Zeilschr f Biol , i\, p 297, 1873 

* Voit loc cit 

« MOller Zeilschr f Biol , xx, p 327, 1884 

10 Kochmann Biochem Zeilschr , xxxn, p 10, 1911 

“ Munk P flilgcr's Archiv, lvm, p 309,1894 

» Munk Virchow's Archiv, cxxxi, Supplement, p 16o, 

is McCrudden loc oil 
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In nil bone disenses where the nnim il may suffer extreme agony for 
want of lime it has been observed that during starvation and during 
periods of low' lime feeding there is a continual lime loss, mfimtes- 
im il at times in the urine but always considerable m the feces 
Even m prenatal life, lime accumulates m the meconium to a 
\ erj considerable extent 14 Why, m all these cases, the lime is 
not reabsorbed and re-utilized by the cells w'hich demand it, is 
problematical as, theoretically, there is evident no chemical reason 
w hj the lime should not be available It cannot be merely a ques- 
tion of solubility and that certain insoluble and therefore unavail- 
able compounds are formed, in a salt solution, such as the body 
fluids, there is a continual redistribution m the combinations 
between acid and base radicals with the removal of any one com- 
ponent It seems far more plausible to look upon this excretion 
of (unavailable 7 ) salts as imposed on the animal by physical and 
physiological processes Every cell, in the selection of its nutri- 
ents from a solution, has to perform a certain amount of work to 
overcome purely physical factors of solution and osmosis Before 
this selection to the extent of the exhaustion of the desired ele- 
ment has taken place, the source of supply mav have been removed 
and an excretion is observed under conditions of actual want 
Specifically, the authors are inclined to concur with Dibbelt 15 m 
his idea that the lime excreted m the feces even during rachitis 
has as its source normal secretions of the intestinal tract Due to 
abnormalities in absorptive processes this lime is not reabsorbed 
to the usual extent and consequently makes its appearance m the 
feces In support of this point of view we have the numerous 
observations that rachitis is usually preceded by visible digestive 
disturbances Voit 16 evidently was of a similar opinion as he 
said, “It is evident that the body is offered too small an amount 
of lime, not only m the case of an insufficiency of lime in the 
ration, but also when too small an amount of the mgested lime 
is absorbed through any cause as, for example, digestive disturb- 
ances or diarrhoea or defective assimilation from excessive feces- 
yielding nutrients ” How digestive disturbances in themselves 
can call forth the excretion of lime into the intestine is not evident 

14 Muller Zeitschr f Biol , xx, p 327, 1887 

15 Dibbelt Habihtationschnft, Tubingen, 1908 

14 Voit Zeitschr f Biol , xvi, p 117, 1880 
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It seems far more probable that it merely inhibits absorptive pro- 
cesses That, under certain conditions, excessive secretion of 
lime into the intestine cannot take place is not m ain tained as 
it is known that there is an actual secretion or excretion by this 
channel of numerous substances introduced into the animal body 17 
The idea that the intestine may In certain respects function as 
a kidney is not a new one, 18 but substances, foreign or native to 
the body, introduced in excessive amounts are not to be compared 
m their method of elimination with normally occurring processes 
Indeed, Mendel and Benedict 19 found that the injection of calcium 
salts was not always accompanied by increased calcium in the 
feces 

With domestic farm animals feeding on plant materials, it can 
readily be seen how the bulky digestive residues originating from 
these may hinder efficient absorption of secreted, lime-contammg 
digestive juices In this manner a feeding stuff high in indigesti- 
ble material may require a higher initial lime content to enable it 
to maintain a positive lime balance for the animal than one com- 
posed of largely digestible materials Again, the investigator is 
handicapped by lack of information on the form in which our 
inorganic materials are found m plant tissues With oat straw, 59 
all the lime has been found soluble in ■£> HC1, which gives us an 
idea of its solubility m the gastric secretion Of its absorbabihtj 
we cannot venture any statements There are too many unknown 
factors which may influence the absorption of lime, of which the 
role of the various forms of silica in plant tissues may not he the 
least important 

Experimental 


In view of the fact that no metabolism experiments have ever 
been conducted to determine the minimum lime requirements of 
farm animals as determined by intestinal excretion, it was con- 
sidered desirable to secure such data with the pig and goat e 
pig, above all animals, is most liable to be subject to an insufficiency 
of lime m the ration 


u Mendel Amcr Journ of Physiol , xj, p 5,1904 

i* Liebig Chcm Bnefe, 1845, pp 303-4 

is Mendel and Benedict Amer Journ of Physiol , xxv, p , 


5» Unpublished data 
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Experiment I To secure these data a 75-pound pig was fed 
a ration initially very low m lime, but to which calcium phosphate 
was added in successively increasing amounts Records of lime 
excretion were kept quantitatively for seven-day periods on a 
maximum consumption of the ration 
Composition of ration 1 8 pounds of rice, 0 2 pound of corn 
meal, 0 12 pound of wheat gluten 
The pig had previously been fed on the standard University 
ration, consisting of 30 parts com, 30 parts oats, 30 parts middlings 
and 10 parts oil meal On November 6 the ration was changed 
Owing to the digestible character of the feed but little feces were 
excreted for a few days, which was mistaken for constipation To 
remedy this 12 grams of MgSO« 7H s O were added to the feed on 
November 12, and 15 grams, on November 13 On November 18 
the first daily collection was made 
Though the intake of lime m the low-lime period was as low 
as was possible to secure, when supplying the necessary energy 
and nitrogen intake on unextracted plant materials, there was 
always observed a positive balance In period V a negative bal- 
ance appears to have prevailed, due merely to the carrying over 
in the gut of unexcreted lime from the precedmg period As has 

TABLE I 

Record of lime balance Daily averages in grams 

CaO in 

PECE3 

0 208 
0 207 
0 347 

0 688 

0 708 

0 091 


CaO in 

FEED AND 
WATER 


I 

Low lime ration No addi- 



tions Nov 18-Nov 24 

0 245 

II 

Low lime ration + 2 grams 



Ca» (POOi Nov 25-Dec 1 

0 897 

III 

Low lime ration -f- 4 grams 



Ca 3 (POi)s Dec 2-Dec 8 

1 673 

IV 

Low lime ration + 8 grams 
Ca s (POaL Distilled water 



Dec 9-Dec ' 15 

2 916 

V 

Low lime ration Distilled 
water No additions Dec 



16-Dec 20 

0 203 

VI 

Low lime ration Distilled 
■water No additions Dec 



21-Dec 29 

0 203 


Ca O IN 

URINE 

CaO 

RETAINED 

0 012 1 

+0 025 

0 016 

+0 674 

0 013 

+1 313 

0 023 

+2 205 

0 013 

-0 518 

0 010 

4-0 102 
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been, observed before, 21 calcium phosphate offers a readily avail- 
able source of lime to the pig Here is brought out the additional 
fact of the tenacity with which lime once stored is retamed, as 
no increased excretion was observed m the succeeding low-lime 
period In fact, the lime content of the feces was even lower m 
the last low-lime period than m the initial The reason for this 
is not e\ ident unless the administration of the cathartic in the first 
period was an important factor No excessive purging was 
observed 

Experiment II In experiment I was seen the failure of a 
low lime ration to cause a negative lime balance In experiment 
II an attempt w r as made to reduce the lime intake still more by 
the use of properly acid-extracted plant materials of an initial 
low lime content Commercial starches were found to average 
higher m lime than ordinary rice, wduch by extraction with dilute 
HC1 and then repeated washing with distilled w'ater to neutrality 
was lowered in lime content from 0 0103 per cent to 0 0049 per 
cent Protein was supplied m the form of similarly extracted 
wheat gluten which was reduced to a hme content of 0 015 per 
cent To prevent those physiological disturbances liable to occur 
on feeding a ration practically salt-free, a salt mixture containing 
3 grams of KjHPO*, 3 grams of NaCl and 1 gram of MgSCh 7H»0 
was added to the daily ration 

Pig I Growing pig Initial weight, 111 pounds, final weight, 
112 pounds The composition bf the daily ration was 943 grams 
of extracted rice, 0 0049 per cent CaO, 56 grams of extracted 
gluten, 0 01 5 per cent CaO, 7 grams of salt mixture 

TABLE II 


Lame balance Daily averages in grains (Low lime ration fed, beginning 

February 9 ) 



CaO | 

IN FEED 

C\0 , 

IN FECES 1 

CaO 

IN URINE j 

CaO 

RETAINED 

February 17-23 

0 054 

0 097 | 

0 030 

-0 073 


Pig II Mature pig Initial weight, 312 pounds, final weig , 
318 pounds The composition of the daily ration was 
grams of unextracted rice, 0 0212 per cent CaO, 272 grams o 
extracted gluten, 0 0282 per cent CaO, 18 2 grams of salt mix ure 

ii Hart, McCollum and Fuller Research Bulletin 1, Wisconsin Exper- 
iment Station 
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TABLL III 

Lime balance Daily averages in grams (Low lime ration fed, beginning 

December 2 ) 



t CaO | 

CaO 

CaO 

CaO 


1 IN FFFD | 

l 

IN FECES 

IV URINE 

RETAINED 

December 11-2-1 

| 0 597 

0 000 

0 052 

-0 121 


Here m two specific cases the level of lime intake was brought 
belov the amount necessary to obtain lime equilibrium Of the 
specific forces which brought about these losses, both through 
the kidney and through the gut, nothing can be said at present 
Whatct cr they are, they are as persistent in the pig as m other 
inimals, which becomes evident wdien the intake is sufficiently 
reduced From the data secured, a daily intake of 0 3 gram of 
CaO per 100 pounds body weight would cover these losses under 
the abo\ e conditions What the requirements w'ould be for more 
indigestible rations or for rations with a different accompanying 
salt content cannot be defimtelj stated 

THE FACTOR OF MILK PRODUCTION IN DETERMINING THE MINIMUM 

LIME REQUIREMENTS OF AN ANIMAL FOR ITS MAINTENANCE 

In considering the influence of function upon lime metabolism 
not the least interesting and important is the factor of milk 
production In a previous publication, 22 as w r ell as m subsequent 
Aerifications of these data, 2 it has been shotvn that with milk-pro- 
ducing animals, on certain rations, a very pronounced negative 
lime balance may be pre\ r ailing over extended periods of time 
This, m its intensity, may assume much importance and neces- 
sitates further consideration of the principles underlying lime 
metabolism In this problem consideration should be given to 
the relative efficiency of absorption of the mineral elements, the 
variations in the occurrence in the urine of tmrious acids and 
bases and the interrelations prevailing among elements m their 
physiological capacities during and after lactation All of 
these are of fundamental significance It is hoped m some 
measure to throw further light on these relations m this article by 

’ Hart, McCollum and Humphrey Wisconsin E\penment Station, 
Research Bulletin 5, 1909 

23 Fingerhng Landw Versuchsstat , lxxv, p 1,1911 
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a reconsideration of previous data as well as hy the presentation 
of new observations 

In regard to the interrelations prevailing among mineral ele- 
ments m metabolism during lactation, data from this station, as 
well as those published by Rose, 51 give us some very interesting 
material On a low phosphorus intake, with a heavy milk pro- 
duction, there invariably was observed the simultaneous occurrence 
of a large increase m the lime excreted in the unne over that of a 
previous period with a high phosphorus intake A high unnnry 
excretion of lime under conditions of actual want has never been 
previously observed except under conditions of prevailing acidosis 
where naturally an excessive demand is made upon the bases to 
maintain the neutrahty of the tissues 

Acidosis as the cause of this high lime excretion is out of the 
question as the unne was always found distinctly alkaline m reac- 
tion Here the high output of hme in the urine is to be consid- 
ered as the direct result of an insufficient phosphorus assimilation 
at a time when the demand for this substance was augmented by 
milk secretion As often observed m other connections, in an 
attempt to maintain the secretion of the mammary gland normal, 
the demands of the gland take precedence over the nutritive 
requirements of the body Here, as a specific case m mineral 
metabolism, we have the mammary gland removing phosphorus 
from the body tissues m an endeavor to maintain its secretion 
normal m amount as well as in composition This much our 
data show As to the source of the phosphorus withdrawn we 
can. merely speculate A prion, we are led to believe that it 
was derived from skeletal tissues In bone there is 1 72 times 
as much lime as m milk, in proportion to their phosphorus pent- 
oxide content Naturally, then, with the utilization of phosphorus 
from the skeleton for milk production, an excess of hme would be 
liberated and recovered m the excreta, which is exactly what was 
observed Apparentty all the excess of hme liberated made its 
appearance m the urine If under any conditions the walls o 
the intestine function as an excretory organ for lime it is not evi en 
m this connection With the urine and also very probably the 
blood heavily laden with lime, we would certainty have reason 

54 Bose N Y (Geneva) Exp Station, Technical Bulletin 20, 1912 
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to e\pect an increased excretion with the feces, but the amounts 
of -lime m the feces do not show any consistent relation to the 
increased lime output m the urme In summarizing the princi- 
ples enunciated it may be briefly said that an inorganic substance 
such as lime may be excreted in increased amounts when in the 
excessive metabolism of another element it becomes a real waste 
product of metabolism 

To accumulate more data on the absorption and excretion of 
lime on different rations and with the animal serving different 
functions, a new senes of experiments was carried out using the 
goat as the experimental animal This made it possible to make 
all^ collections of excreta with the metabolism cage previously 
used in studying the lime nutrition of the pig 

Plan of the experiment The goat was confined m the metabol- 
ism cage throughout the experimental period m connection with 
a study of creatinine metabolism during and after lactation This 
necessitated the inclusion of some periods not immediately ger- 
mane to the subject under consideration The different rations 
enumerated were fed m succession and quantitative collections 
of the excreta made daily Analyses of the excreta for lime were 
made m each period, when possible, only after a suitable lapse 
of time — usuallj five days — smee feeding the preceding ration 
Nitrogen determinations on the milk as well as on the excreta 
were made daily beginning April 17 and continued throughout 
the experiment 

A goat m full milk flow , producing about two quarts of milk 
daily on a corn, oat and clover ration, was selected as a suitable 
animal Her quiet and tractable nature made her especially able 
to endure the long confinement m the metabolism cage, with little 
inconvenience and that shown only toward the close of the period 
But m spite of the prevailing opinion that a goat has no epicurean 
tendencies it was found impossible to obtain a consumption of 
the ration of bran, nee, wheat gluten and oat straw on which the 
cow, previously referred to, had been fed Though for various 
reasons it was highly desirable to duplicate the ration as nearly as 
possible, a considerable reduction m the amount of bran and the 
addition of some com was found necessary to secure consumption 

The periods involve two phases of experimentation The first 
two are records of the animal m full milk In period III the milk 
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flow was gradually being reduced The periods following III are 
records with complete or almost complete cessation of ma mm ary 
function 

Rations fed 


Period I April 4-May 10 
7 5 pounds of wheat bran 1 

45 0 pounds of corn meal I 0 030 per cent CaO 

30 0 pounds of rice meat | 

17 5 pounds of gluten meal J 

25 0 pounds of oat straw 0 472 per cent CaO 

An approximate average of 1 6 pounds of grain and 0 4 pound of straw 
consumed dailj 

Period II May il-May 17 

Same ration as in I with straw intake doubled 

An approximate average of 1 6 pounds of gram and 0 8 pound of straw 
consumed daity 


Pfriod III May IS- May SI 
8 0 pounds of corn meal 
5 0 pounds of nee meal 
1 0 pound of wheat bran 
1 0 pound of gluten meal 
10 0 pounds of oat straw 
An approximate average of 1 
consumed daily 


0 028 per cent CaO 
0 472 per cent CaO 

2 pounds of grain and 0 8 pound of straw 


Period IV June 1-Junc 11 
6 0 poundR of corn meal, 

0 0 pounds of rice meal , 

8 0 pounds of oat straw 

An approximate average of 1 2 pounds of grain and 0 8 pound of 03t 
straw consumed daily 

Period V June 18-July 8 
Straw only 

An approximate average of 1 2 pounds of straw consumed daily 
Period VI July S-July 89 
Same ration as in Period I 

An approximate average of 0 8 pound of grain and 0 2 pound o s ra 
consumed daily 


Period VII July 80-August 17 , 

Allowed to graze during the day and fed m addition 1 2 poun s o 

daily 

Period VIII August 18-Seplember 5 

Same ration as in Period I and VI , , 

An approximate average of 0 8 pound of grain and po 

consumed daily 
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TABLE IV 


Record of lime balance in the several periods and daily averages 



CaO 

IN | 

rcrD 

CaO 

IN 

R ATEn | 

CaO 

TOTAL 

INTAKE 

CaO 

IN EX 
CRETA j 

CaO 

AUBOIlDED | 

CaO 

IN 

Mil K 

CaO 

IN EX- 
CRETA* 
AND | 
MILK 1 

CaO 

BALANCE 

I April 11- 

Crams 

crams 

Crams 

crams 

crams 

Crams 

Crams 

Crams 

Mo) 10 

1 07 

0 is 

1 25 

1 10 

+0 15 

2 97 

4 07 

-2 82 

II May 11-17 

III Maj IS- 

1 92 

0 15 

2 07 

1 48 


2 74 

4 22 

-2 15 

23 

1 SG 

0 12 

1 98 

1 45 


1 71 

3 16 

-1 10 

V June 17-2S 

2 SG 

0 10 

2 GG 

2 52 

+0 14 


2 65 

+0 01 

VI Julj 7-29 
VIII August 

0 55 

0 00 

0 G1 

1 54 


0 03 

1 57 

-0 9G 

24-Scpt 5 

0 60 

0 OG 

0 GG 


+0 24 


0 42 

+0 24 


•Llmoln excreta as tabulated docs not Include the urinary excretion This \arled from 
traces to a maximum of 0 04 cram In \ cry exceptional eases Data on this were accumulated 
only fora total of about seven days In each period and were judged Inslgrtlficant In the above 
connection No tendencies to vary tho urinary excretion in either direction b> any of the ra- 
tions wero apparent 

TABLE V 


Nitrogen balances 



! N 

IN FEED 

1 N 

1 OOTOO TOTAI. | 

i N 

' BALANCE 

1 


Crams 

crams 

[ crams 

I April 20-4.priI 2G 

126 07 

127 36 

; - 1 29 

April 27-May 3 

135 71 

1 131 68 

j + 4 03 

May 4-May 10 

135 71 

1 130 66 

+ 4 05 

II May 11-May 17 

142 50 

I 133 55 

! + 8 95 

III May 18-May 24 

86 15 

93 96 

- 7 81 

V June 15-June 21 

19 38 

36 64 

-17 27 

June 22-June 23 

20 35 

28 55 

I - 8 29 

VI July 6-JuIy 12 

77 55 

68 65 1 

1 + 8-90 

July 13-July 19 

69 13 

61 69 

+ 7 44 

July 20-July 26 

67 85 

j 65 65 , 

i i 

+ 2 20 


Discussion Period I We have here a verification of results 
obtained with the cow namely, milk production on a low lime 
ration results m a pronounced negative lime balance Here also 
we have again the appearance of a large amount of fecal lime, 
the origin of which is not evident A slight excess of lime intake 
over that excreted is observed, which for the sake of convenience 
is designated “lime absorbed ” The table on nitrogen balance 
shows an actual retention m spite of the large milk secretion The 
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absorption of nitrogen and lime as indicated by the fecal excretion 
do not parallel Apparently they are separate and distinct 
functions 

Penod II Essentially this is a continuation m results of the 
data m penod I The increased amount of straw in the ration, 
m spite of the assumed tendency for it to depress the reabsorption 
of lime containing secretions by the increase in fecal bulk, has 
actually increased the absorption of lime Other factors must have 
come into play' These data are somewhat invalidated by the 
bnefness of the penod of observation, with the omission of the 
usual interval between periods The fecal lime, however, was 
rclatu ely constant in amount throughout this penod, w'hich would 
not have obtained if such factors had influenced the character 
of the data It seems safe to conclude that the lime from oat 
straw was available to the goat 

Period III This penod marks the beginning of a reduction 
m the amount of protein fed, m an attempt to reduce the milk 
production for the later penods of observation The utilization 
of lime and its balance does not show any new characteristics 

Penod IV Here we have a still further reduction m the pro- 
tein ingestion, but as no analyses for lime w'ere made this penod 
need not occupy our attention 

Penod V To get a clearer insight into the availability of 
lime from straw this period ought to offer very satisfactory data, 
as the ration consisted exclusively of oat straw' We observe, 
however, but a very small utilization of the lime The animal 
is only saved from a continuation of the impoverishment of its 
tissues in lime by r the reduction in the milk flow Upon compari- 
son of the lime retention with the N retention one would say that 
here is to be found the explanation for the small positive June 
balance observed With a pronounced deficit m nitrogen, bone 
tissue could not be built up, consequently there was not any imme- 
diate demand for lime, in spite of the previous depletion 

Penod VI In continuation of this line of reasoning one would, 
m view' of the generous N retention, expect a corresponding hme 
retention The animal had been depleted m lime as w ell as nitro- 
gen and now with the first opportunity a restoration of these e e- 
ments would be expected For nitrogen, this occurred, though 
■the animal, already weighing scarcely 68 pounds, 11 ounces, con- 
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tinued to lose m weight until at the close of this period she weighed 
but G3 pounds For lime there was n steady and consistent neg- 
atne balance day after day with no indications of a change The 
urinary lime excretion a\ as not increased Physical symptoms of 
osteomalacia were not observed although the ammal showed a 
slight stiffness in the hind quarters, which was not surprising 
after such close confinement m a metabolism cage for a penod 
of three months 

The feces were hard and dr}' and small in bulk, a slight failing 
in the appetite as veil as a slight unresponsiveness to call or 
change m its environment began to be apparent No definite 
results could be expected by longer continued observation under 
these conditions 

Penod VII On a ration of June grass and oats recovery speed- 
ily followed In the course of two weeks with a gam m weight 
of 4 pounds all symptoms indicative of approaching collapse were 
dispelled On the supposition that the change in physiological 
condition might influence her lime metabolism additional data 
were collected 

Period VIII In view of the fact that no reliable results on 
the retention of nitrogen can be obtained over a short isolated 
period, no record of the mtrogen balance was kept All indica- 
tions were that the animal was m a good nutritive condition Her 
eyes were bright, her senses acute and she showed a uniform gain 
m weight of 2 pounds during the period Regular consumption 
of the ration was secured, and the feces were again of a normal con- 
sistency, as the table shows, a retention of lime now took place 
as a direct result of the accompanying change m the condition 
of the animal This transformation is truly remarkable and from 
the standpoint of mineral metabolism stands unparalleled m the 
experimental field From a nutritive condition which would ulti- 
mately have led to the occurrence of physical symptoms of osteo- 
malacia, there was brought about a complete restoration to the 
normal by a temporary change in the ration That the change 
of intake of lime was responsible for this transformation is out 
of the question, as the former ration, for maintenance, left little 
to be desired from the inorganic standpoint Some subtle change 
m the trend of metabolism was instituted by the temporary var- 
iation in feed intake, as well as environment, which now enabl 
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the animal to assimilate lime, formerly unavailable From this 
point of view osteomalacia is not to be considered primarily a 
physiological disturbance brought about by the unavailability of 
lime in the source of supply, but rather the result of inefficient 
absorption of lime from the gut due to a complication of numerous 
factors What these are we cannot venture to say There was 
not a cessation of all absorptive processes in the intestine since 
in period VI we noted a generous utilization of the nitrogen from 
the ration m spite of the excessive loss of lime An independence 
of specific assimilative functions could not possibly be more posi- 
tive than m this connection It is either a peculiar coincidence 
or else an important observation that noth a pig in an experiment 
prc\ lously reported 25 a slight negative lime balance was likewise 
observed simultaneous with the excretion of hard and dry feces 

CONCLUSIONS 

1 The level of lime intake necessary for maintenance is depend- 
ent upon the functional activity of various organs of the body 
A daily intake of about 0 3 gram of CaO per 100 pounds body 
weight covered the metabolism losses of a mature barren pig 
From 0 4 to 0 5 gram of CaO per 100 pounds body weight covered 
the metabolism loss of a mature dry goat The figures are not 
absolute and general, but wall vary with the character of the 
ration 

2 The mammary gland during its activity constitutes a severe 
dram upon the skeletal lime supply during periods of insufficient 
lime assimilation During periods of insufficient phosphorus assim- 
ilation, it indirectly causes a waste of lime from the skeleton 

3 An allowance of 1 gram of hme m the ration per pound of 
milk produced by a goat or cow should theoretically be ample 
This, of course, is m addition to the maintenance requirement 
But at least twice the above amount would be safer, due to the 
large losses of hme m the intestine accompanying increased food 
consumption 

4 The walls of the intestine with their normal secretions may 
cause the loss of a sufficient amount of hme to appreciably lower 
its “ coefficient of digestibility” during periods of sufficient June 

» Research Bulletin 30, Wisconsin Experiment Station 
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ingestion When such conditions are complicated by physiological 
disturbances a large negative balance of lime over an extended 
period of time may result 

5 Under normal conditions with a low lime ingestion the usual 
intestinal losses may m themselves be the cause of a negative 
lime balance 

C Intestinal and urinary losses of lime do not parallel With 
very heavy intestinal losses the urinary excretion may remain 
unchanged 

7 A liberal assimilation of nitrogen does not necessarily imply 
an assimilation of lime even when the animal’s supply of lime 
is considerably depleted These are separate and distinct func- 
tions of the alimentary tract 

8 A perverted lime metabolism which ultimately would end 
m an extreme impoverishment of the skeleton m lime may be 
merely the result of other physiological disturbances 




THE EFFECT OF A HIGH MAGNESIUM INTAKE ON 
CALCIUM RETENTION BY SWINE ‘ 

Bv E B HART and H STEENBOCK 

( From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin ) 

(Received for publication, January 4 1913 ) 

The experiment to be described in this paper relates to the 
influence which the addition of magnesium salts and of magnesium 
salts plus phosphates to the diet may exert upon calcium metabo- 
lism They may also be interpreted as throwing some light upon 
the general problem of the mutual relationships which exist among 
the mineral constituents of the diet, considered from the stand- 
point of animal nutrition 

Many experiments are on record which indicate the existence 
of important biological relationships between calcium and mag- 
nesium For example, Loew 1 2 showed that magnesium could serve 
in the nutrition of plants only in the presence of calcium salts 
Loeb 3 found the contractile reaction in jellyfish induced by mag- 
nesium to be inhibited by calcium Meltzer and Auer 4 * proved 
that the effects of calcium on muscle and nerve m rabbits could 
be reversed by the injection of magnesium salts In dogs, Mendel 
and Benedict 6 observed that the injection of calcium salts was 
followed by increased elimination of magnesium m the urine 
similarly injection of a magnesium salt increased the urinary out- 
put of calcium Malcolm 6 pubhshed evidence tending to show 

1 Published by permission of the Director of the Agricultural Experiment 

Station 

3 Loew U S Dept of Agric , Div Veg Path and Physiol , Bulletin 18 

3 Loeb this Journal, l, p 427, 1905-06 

4 Meltzer and Auer Amer Journ of Physiol , xxi, p 400, 1908 

s Mendel and Benedict Amer Journ of Physiol , xxv, p 1, 1909 

1 Malcolm Journ of Physiol , xxxu, p 183, 1905 
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that ingestion of magnesium salts may cause a loss of calcium 
from adult animals and may hinder its deposition in the young 
Forbes, 7 basing his considerations upon these data, is inclined to 
believe that the cause of “bran disease,” “shorts disease” and 
“millers horse rickets” is to be found m an excessive proportion 
of magnesium to calcium in bran and shorts 
Similarly, the influence of phosphates m the diet upon calcium 
metabolism is indicated in the work of Ingle 8 who attributed the 
cause of a bone disease, manifested chiefly by impoverishment 
of the skeleton in ash, to a disproportionate content of lime and 
phosphorus pentoxide m the feeding stuff Dibbelt 9 observed the 
loss of 12 7 grams of lime in the feces alone from the body of a 
small dog when 5 grams of Na 2 HPO< were added daily to its 
meat and fat diet Bertram, 10 working with a goat, likewise ob- 
served loss of lime from the body when NajHPCh was added to 
its ration 

In order to obtain data bearing upon Forbes’ hypothesis men- 
tioned above as well as to gain further information concerning 
the influence of variation in the mineral content of the ration 
upon calcium excretion, the following experiment was carried out 

The subject of the experiment was a pig, weighing at the be- 
ginning of the experiment 166 pounds, at the end, 156 pounds 
Quantitative collection of excreta was made possible by confine- 
ment m a metabolism cage previously described by McCollum 
and Steenbock 11 The bran ration fed throughout the experi- 
ment consisted of corn, 1 3 pounds, wheat bran, 2 4 pounds, 
oatmeal, 0 3 pound, and contained 0134 per cent CaO, 0 820 
per cent MgO, 2 924 per cent P2O5 Of this ration 1 pound 
11 ounces was consumed daily 

Although the proportion of MgO to CaO in the ration was 
high, it seemed advisable to accentuate the probable effect of the 


7 Forbes Ohio Experiment Station Bulletin 213, 1909 

•Ingle Journ of Agnc Science, 111 , 190S, Journ of Comp Path an 

Ther , x\i, xxn, 1907-08 u 

j Dibbelt Arbeit a d Gcb d path anal Inst Tubingen, vn, p 55U, 
i« Bertram Zcitschr f Biol , xiv, p 340, 1878 - 

11 McCollum and Steenbock Research Bulletin 21, Wisconsin p 

ment Station 
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magnesium m one part of the experiment by adding magnesium 
as the chloride, m another, magnesium was added as the sul- 
phate Later, m view of the depressing influence which phos- 
phoric acid exerts upon the solubility of calcium and magnesium 
salts, a period was included in which the bran ration was supple- 
mented by the addition of both magnesium salts and a soluble 
phosphate Potassium phosphate was used in amount sufficient 
to combine with all the magnesium salts added to form tertiary 
magnesium phosphates 


Record of Calcium Excretion 


DATE 

CaO 

IN ZIATION 

CaO 

IN FECES 




prams 

grama 

grama 

grama 

grams 

Januarj 

Bran ration only 






1 64 

0 010 

jam 


Wa e nf 


1 47 

0 059 

HH 


16 


1 49 

0 000 

BtH 


17 


1 37 

0 000 

11 


18 


1 40 

0 030 

US 



8 35 

7 37 

0 099 

7 469 

+0 881 

Daily averages 

1 67 

1 47 

0 019 

1 490 

+0 170 

January Bran ration + 6 08 grams of MgO as MgCl- 

19 

1 67 

1 38 

0 155 

1 535 


20 

1 67 

1 41 

0 276 

1 686 


21 

1 67 

1 42 

0 221 

1 641 


22 

1 67 

1 56 

0 269 

1 829 


23 

1 67 

1 39 

0 278 

1 668 


24 

1 67 

1 24 

0 262 

1 502 


25 

1 67 

1 49 

0 229 

1 719 


26 

1 67 

1 69 

0 258 

1 948 


27 

1 67 

1 44 

0 305 

1 745 


28 

1 67 

1 51 

0 342 

1 852 


29 

1 67 

1 20 

0 292 

1 492 


30 

1 67 

1 70 

0 253 

1 953 


31 

1 67 

1 13 

0 067 

1 197 



21 71 

18 56 


21 767 


Daily average 

1 67 

1 42 


1 673 

-0 003 
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Record of Calcium Excretion — C ontinued 


DATE 

CaO 

IN RATION 

CaO 

IN FECES 

CaO 

IN URINE 

CaO 

IN EXCRETA 

CaO 

RETAINED 


grams 

grams 

grams 

grams 

grams 



February Bran ration + 6 08 grams of MgO as MgSO ( 


1 641 


Daily average 


Bran ration + 0 08 grams 



n 

291 

t 

093 

r 

406 

0 

720 

0 

371 

0 

299 

0 

341 

2 

521 

0 

360 



340 

2 000 

200 

1 540 

114 

1 784 

108 

1 548 

115 

1 945 

115 

1 615 

180 

I 830 

096 

1 446 

121 

1 381 

123 

1 653 

128 

2 078 


Daily average of last nine 
days 
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The dita presented m the table show conclusively that a large 
amount of bran m the r ition exerted no inhibiting action upon 
the animal’s ability to assimilate lime from the ration It is true 
that the amount retained was not very large, but, in any case, 
with the large losses normally occurring with the fecal excretion 
such a positive retention is to be viewed as a reliable index With 
bran the bulk of the fecal excretion is large, which in itself may 
exert an intensified depreciating effect on the actual amount of 
lime absorbed from the ration itself 

The addition of magnesium salts did not increase the fecal 
lime excretion Accompanied by the simultaneous addition of 
potassium phosphate a slightly increased lime content of the feces 
was observed This cannot be overlooked as there is a possi- 
bility that the ingestion of the potassium phosphate may merelv 
have changed the path of excretion for the lime That this is 
not entirely the case is seen by the decrease in the total lime 
elimination during this period 

In the urme, with each period where magnesium salts alone 
were added, a remarkable increase m the urinary lime excretion 
is observed This can be attributed to no other factor than 
magnesium salts, as the data from day to day are exceedingly 
consistent The addition of soluble phosphates reduces this incre- 
ment but not to its former level Of the exact relations existing 
here the data offer us no information But, in itself, it is truly 
remarkable that potassium phosphate should be able to counter- 
act, even in part, the injurious action of the magnesium salts 
Further, dunng this period there was not an increased magnesium 
excretion through the intestine 

Here, m the interrelations prevailing among mineral elements, 
we may have an explanation of some of the numerous anomalies 
that have been observed in connection with mineral metabolism 
experiments, otherwise well controlled Though the effect of or- 
ganic nutrients upon mineral metabolism is not to be underesti- 
mated, it undoubtedly is true that, m the condition of the digestive 
system and m the interrelations prevailing among mineral ele- 
ments, we have two factors of primary importance operative in 
mineral metabolism 



8o Calcium Retention after Magnesium Ingestion 


CONCLUSIONS 

1 The unfitness of bran as a bone producing feeding stuff is 
to be attributed to its low content of lime capable of absorption, 
rather than to a disproportionate content of calcium to magnesium 

2 Magnesium salts added to a pig’s ration increased the cal- 
cium elimination m the urme The fecal calcium excretion was 
not influenced 

3 Soluble phosphates, as di-potassium acid phosphate, de- 
creased the increased calcium excretion brought on by the addition 
of magnesium salts 

4 The fact that the relation of phosphorus to calcium and 
magnesium in our grains is high, with the probable formation in 
the tract of magnesium phosphate and its excretion by way of 
the intestine, would help to explain the difference in the action 
of magnesium chloride or sulphate and the magnesium normal 
to grains 

5 The interrelations existing between mineral elements are im- 
portant factors for consideration in studying the specific role of 
a mineral element m animal nutrition 



ON THE EXTREMES OF VARIATION OF THE CONCEN- 
TRATION OF IONIZED HYDROGEN IN HUMAN URINE 


IH LA WREN CL I HENDERSON \nd WALTER W PALMER > 

( From the Chemical Laboratory, Massachusetts General Hospital ) 

(Rcccned for publication, January 20, 1913 ) 

In a recent paper- we have shown that the variations of hydro- 
gen ion concentration m urine, when studied in a large number 
of instances, are not without physiological and pathological sig- 
nificance, and it is eudent that the latitude of variation of 
this quantity is a fundamental factor in the regulation of the 
neutrality of the animal body For this and other reasons, it 
is of interest to determine the extreme variations of acidity and 
alkalinity which can arise in man 

Considering the large amount of acid which is daily removed 
from the body (equivalent to 600-700 cc of -nr acid) and the 
enormous quantities which may be excreted in diabetic acidosis 
(equivalent to 6 liters of 01 N acid or more) it is obvious that 
higher acidity than that which is to be observed among the cases 
of a large general hospital is not to be expected under any cn- 
cumstances, for it is not possible safely to introduce into the 
body more than a small fraction of such quantities of acid Ex- 
periment bears out this view 

To study the effect of acid ingestion on the hydrogen ion con- 
centration, 10 grams of monosodium phosphate were given at a 
single dose and the urine collected m separate specimens at fre- 
quent intervals thereafter 

The variation in hydrogen ion concentration from hour to hour 
in the various cases is only slightly greater than that which occurs 
m normal cases without monosodium phosphate intake In every 
case, however, there is found a slight increase of hydrogen ion 
concentration The greatest difference is observed m case 7, 

'Henry P Walcott Fellow in Clinical Medicine Harvard Medical 
School 

S L J Henderson and W W Palmer this Journal \m p 393, 1913 
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Variations in x Urinary Acidity 


TABLE I 

Concentrations of ionized hydrogen after the administration of acid phosphate * 


TIME ACID 
RODTUM 
PHOSPHATE 
GI\ EN 

TIMF OF COLLECTION AND HTDROGEN ION CONCENTRATION 
NaHjPOi INGESTION 

OP URINE AFTER 

7 00 | 900 
ft m j ft in 

10 00 
a m 

11 00 
a m 

12 00 
noon 

1 00 

P m 

200 
p m 

300 

P m 

600 
p m 

10 00 
p m 

morn 

ingfo! 

lowing 

a m 

| 



[ 





i 


0 00 

| 0 85 

0 50 

0 00 

0 15 


0 50 

7 00 


0 50 

6 30 

9 00 

, 5 85 

5 00 

5 70 

! 5 85 

5 40 

5 30 

0 50 




9 00 

! 5 40 

5 70 

5 85 i 

5 30 

5 15 

5 30 

5 00 


5 70 


9 00 

5 15 

5 30 | 

5 00 I 


5 15 

5 15 


! 5 GO 

5 70 

7 00 

7 30 

5 00 1 

1 

| 

5 30 1 




5 70 

6 50 

5 70 

5 30 

7 00 

5 GO 1 2 3 4 5 6 7 8 






5 30 

5 70 

G 30 

5 00 

9 00 

i 0 70 

7 00 

G 30 j 

0 15 

5 30 

5 40 




6 30 

7 00 

i 

5 50 | 


1 


5 30 



5 50 

5 70 

5 40 


Expressed as nogati\o logarithms sec Henderson and Palmer loc cil 


where the initial value was low', 6 70, and at 1 00 p m , four hours 
after the ingestion of Jnonosodium phosphate, it was 5 30, repre- 
senting a twenty-five fold increase m acidity Administration of 
larger quantities of acid phosphate, or of hydrochloric acid, pro- 
duces similar effects and never, m our experience, causes acidity 
of the urine as great as that which is common m many pathologi- 
cal conditions 

On the other hand the body is not known ever to produce 
bases in considerable quantity (except ammonia to neutralize an 
excess of acid) hence it is natural to expect that the administra- 
tion of alkali in the normal individual may produce a urine more 
alkaline than that which is otherwise to be found This view 
also has been confirmed by experiment 


i 

NUMBER ! 


H 


V ITIIOUT 
ALKALI 


1 6 15 

2 6 00 

3 6 30 

4 6 70 

5 6 00 

6 6 85 

7 6 50 

8 1 0 70 


TABLE II 


1 FIRST DAT WITH ALKALI 

t BFCOND DAT WITH ALKALI 

Sodium 

+ 

Sodium 

1 + 

bicarbonate 

H 

j bicarbonate 

1 H 

grams 


j grams 


24 

8 00 

40 

8 70 

20 

8 70 



12 

7 40 



20 

8 30 



24 

8 30 

40 

8 70 

8 

8 50 

16 

8 50 

12 

8 30 

24 

8 50 

12 

S 70 






L J Henderson and W W Palmer 


83 


The effect of the ingestion of large amounts of sodium bicar- 
bonate was studied in young adults As far as possible the 
sodium bicarbonate w r ns taken between meals and the hydrogen 
ion concentration was determined on twenty-four-hour specimens 
of urine 

The results of a single dose of sodium bicarbonate on the 
hydrogen ion concentration are given in the following table As 
far as possible a specimen of urine was obtained at the time of 
administration of the sodium bicarbonate and hourly specimens 
obtained for several hours thereafter 

TABLE III 


sumder 

BODtCM 

IUCARBONATE 

i 

TIME SODIUM 
DICARD OS ATE 
OI\EN 

TIME OF COLLECTION OF SPECIMEN OF URINE 
AND 1IYDROQEN ION CONCENTRATION 

1000 . 

a m 

11 00 j 
a m 

1200 ; 

noon | 

1 00 

P ra 

2 00 
| P rn 

3 00 
p m 


prams j 

a m 


1 



j 


1 

4 

10 00 

7 40 

1 8 30 

7 48 

7 48 

7 40 

5 85 

0 

8 1 

10 00 

5 40 

8 50 

8 30 

6 SO 

6 50 

7 40 

3 

12 I 

10 00 

5 30 

8 70 

8 70 

8 70 

8 70 

8 70 

4 

8 

10 00 

7 40 

8 50 

8 70 

8 50 

8 50 

8 50 

5 

8 J 

10 00 

5 85 



8 70 

8 70 

8 30 

6 

! 8 ! 
1 

10 00 

6 70 

7 48 

1 

8 70 

8 50 

8 70 

8 50 


In no instance w'ere we able, by the administration of sodium 
bicarbonate, to obtain a more alkaline urine than one with a 
hydrogen ion concentration of 8 70, which is slightly more alka- 
line than a solution of disodium phosphate of concentration about 
0 01 is From the foregoing data it is evident that the reaction 
of the urine may be pushed down to a certain degree of alkalinity 
with comparative ease, beyond this point, even after the adminis- 
tration of large amounts of alkali, the reaction of the urine does 
not change 

The highest acidity which has thus far been observed, exceeds 
4 70, the highest alkalinity, 8 70 This corresponds to a range 
of 1 10,000 in the concentration of hydrogen and hydroxyl 10 ns, 

and amounts on the one hand to the acidity of a solution con- 
sisting of a trace of free phosphoric acid together wath mono- 
sodium phosphate, on the other hand, to the alkalinity of a solu- 
tion of disodium phosphate of concentration about 0 01 n 
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Variations in Urinary Acidity 

The variations of the relative amounts of acid and alkali which 
accompany such variations m reaction are very large and, together 
with ammonia excretion, measure the protective power of the 
kidney 

Ten cubic centimeter samples from twenty-four-hour amounts 
of unne from normal individuals and 10 cc of a standard solution 
having a hydrogen ion concentration of 4 70 (highest observed 
acidity) were introduced into separate 250 cc flasks, diluted 
with distilled water to approximately 250 cc and five drops of 
a 2 per cent aqueous solution of sodium alizarine sulphonate 
added Sufficient sulphuric acid of concentration 01 n was 
added to the flask containing unne to bring its reaction to that 
of the standard solution A second titration was carried out with 
a fresh 10 cc sample of unne and 10 cc of a standard solution 
with a hydrogen ion concentration of 8 70 (lowest observed alka- 
linity), similarly diluted, ten drops of a 1 per cent alcoholic solu- 
tion of phenolphthalem added, and the reaction of the urine 
carried to that of the standard solution by addition of potassium 
hydrate of concentration 01 n In each instance the number 
of cc of -nr acid or alkali to bnng the reaction of the total amount 
of urine to the reaction of the standard solutions was calculated 


TABLE iv 
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It thus appears that the possible variation in the amount of 
alkali m union with the acids of normal urine is ordinarily about 
0 5-1 0 gram-molecule In pathological conditions, when the acids 
are increased, this quantity also is necessarily larger 
The actual variation m norma! individuals is evidently at least 
nearly 0 5 gram-molecule 

In the most acid urines ulncli 11 c have observed, the urinary 
acids, 111 addition to phosphoric acid and acid sodium phosphate, 
are free to a considerable degree, ns follows hippunc acid, 8 per 
cent, acetoacetic acid, II per cent, lactic acid, 12 pei cent, 
/S-o\ybutync acid, 45 per cent, uric acid, 01 per cent 
In the most alkaline urines all these acids are almost completely 
combined with base, and any free carbonic acid must be accom- 
panied bj a very large quantity of sodium bicarbonate — at least 
one hundred tunes its concentration Such is the explanation 
of the large a anation in relative amounts of acid and alkali 
T\ e wash to thank Dr Frederick C Shattuck for making this 
w ork possible Thanks are also due to the members of the visit- 
ing staff and others of the Massachusetts General Hospital for 
their kindness in supplying clinical material 




THE ESTIMATION OF CREATININE AND CREATINE 
IN DIABETIC URINES 


lii ISIDOIt GRLLNWALD 

( From the Chemical Laboratory of the Montefiorc Home, New York ) 
(Recened for publication J-inu irv 21 1913) 

That acetone and acetoacetic acid re ict with picric acid and 
sodium hj r droxide with the production of a colored solution, 
similar to that produced bj' creatinine under the same conditions, 
has long been known The extent of their possible interference 
with the estimation of creatinine, by the Folin method, has not 
been elearlj determined Folm 1 states that the reaction is given 
b} r hjdrogen sulphide, acetone, acetoacetic acid and its ester, 
which, if present, ma}' easily be removed No directions are 
given Klercker, 5 who used very large amounts of acetone in his 
experiments, found that acetone caused a rapid fading of the 
color According to \ an Hoogenhuyze and Verploegh 3 the read- 
ings obtained in the presence of acetone are at first too low, but as 
the color due to the acetone fades rapid 1} , normal readings are 
soon obtained Similar results are reported by Krause, 4 who also 
investigated the action of acetoacetic acid He found that the 
readings were too low Wolf and Osteiberg, 5 on the contrary, 
reported that the addition of 1 per cent of acetoacetic ester was 
without influence upon the determination of creatinine Rose 6 
used acetoacetic acid m concentrations up to 0 25 per cent and 
obtained correct readings if the solutions w'ere allowed to stand 
three or four minutes after dilution before making the readings 

, 1 Folin Zeitsckr f physiol Chem \li p 223, 1904 

Klercker Biochetn Zeitschr , m, p 45, 1907 

3 van Hoogenhuyze and Verploegh Zeitschr f physiol Chem , ivn, p 
101, 1908 

4 Krause Quart Journ Exp Physiol in p 289, 1910 

5 Wolf and Osterberg Amer Journ of Physiol wviu, p 71,1911 

6 Rose this Journal \ii, p 73 1912 

«7 
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In connection with an in\ estigation into the creatine and 
creatinine metabolism m diabetes, it became necessary to ascer- 
tain if acetone and acetoacetie acid m the amounts present in 
diabetic urines would interfere with the estimation of creatinine 
This i\ as found to be the case Although the addition of a small 
quantity of acetone (0 5 per cent) to normal urine does not greatly 
affect the readings obtained, such addition to diluted urme or to 
urine containing but little creatinine, interferes very decidedly 
The presence of acetoacetie acid also makes all the readings 
unreliable The figures gi\ en in Table I are typical of the results 
obtained 

T4BLE 1 

The cjjcct of acclonc and acetoacetie acid upon the estimation of creatinine 
(10 cc of the urine vcrc diluted to 250 cr after the addition of the picric 
acid and sodium h\dro\ide solutions ) 

MJMnEIt NATCIIE OF UIUNE ADDITION HEADINGS 

1 | Normal, diluted , i 11 06 

I 0 5 per cent acetone I 10 30 fading to 11 6 

1 j Acetoacetie acid* I 12 00 fading to 12 4 

2 ! Normal, diluted ] i 10 10 

| j Acetoacetie acid* | 10 80 fading to 13 0 

3 Muscular dystrophj | ,10 50 

; Acetoacetie acid* , 13 00 

• Enough of a freshly prepared solution of acctoacctlo acid was added to produce a Gcrhardt 
reaction comparable to that Eh on bj a urine then under examination In this laboratory 

In order to make an accurate estimation of creatinine, by the 
Folin method, it is therefore necessaiy either to remov e the inter 
fering substances or to precipitate the creatinine, determine the 
creatine in the filtrate and subtract the amount found from the 
sum of the creatine and creatmme Boiling the urme, as recom- 
mended by Rona, 7 was first attempted It was found that the 
urme from a severe case of diabetes required boiling for at least 
five minutes to free it of acetoacetie acid A number of experi- 
ments were made with urines from patients with muscular dys 
trophy Creatinine was determined m the usual manner 
volume of urme equal to that taken for the determination of 
creatinine was boiled for five minutes, cooled and the creatinine 
estimated In every instance the readings w ere much lower an 

7 Rona Handbuch d biochem Arbeilsmclhoden, in, p 788, 1910 
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TAint: ir 

The effect of btnlinq the urine upon the estimation of creatinine in the 
presence of cicaline 


\tntnrn 

1 

1 \OIUMF 01 uniM 

DILUTION 

nEADINQa 

t Unboiled 

| Boiled 


1 ee 

CC 

mm 

j mm 

1 

25 

500 

0 S7 

: 5 20 

2 

25 

1000 

S 13 

G 97 

3 

! 25 

250 

7 23 

G 12 

4 

25 

300 

' S 55 

7 35 


in the control estun°tion (faille II) The method was therefore 
rejected 

Furl} good results were obtained by precipitating the creatinine 
with sulphuric and phosphotungstic acids, filtering, freeing an 
aliquot portion of the filtrate of the acids with barium hydroxide, 
filtering, precipitating the excess of barium in an aliquot portion 
of the filtrate with sodium sulphate, adding hydrochloric acid, 
evaporating and completing the determination of creatine in the 
usual manner A urine from a case of muscular dystrophy con- 
tained 0 27G gram preformed, and 0 881 gram total creatinine 
per liter To some of this urine, 4 per cent of dextrose wus added 
and the determination of creatine carried out as described above 
Calculated as creatinine, 0 611 gram was found In another 
urine the content of preformed creatinine was 0 822 gram and 
of total creatine, 1 200 grams per liter The amount of creatine, 
as estimated by this method after the addition of 4 per cent of 
dextrose to the urine, was 0 382 gram, calculated as creatinine, 
per liter As a rule, however, the agreement was not so close as 
in these instances The method is not altogether satisfactory 

At the suggestion of Dr S R Benedict, an attempt was made 
to determine the creatinine after extraction of the acetoacetic 
acid with ether and subsequent aeration to remove the ether and 
acetone This was found to be very successful The apparatus 
used consisted of an ordinary Soxhlet extraction apparatus, a 
short, wade test-tube and a funnel-tube In principle it was the 
same as that described by Saiki 8 After twm hours the urines were 
found to be free of appreciable amounts of acetoacetic acid For 


* Saiki this Journal, vn, p 21, 1909 
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the determination of creatinine the following procedure was 
adopted 25 cc of the urine are measured into the extraction tube, 
1 0 cc of concentrated hydrochloric acid added and the mix ture 
extracted with ether for two hours The contents of the tube are 
then washed into an aerometer cylinder and aerated for one hour 
To reduce foaming, a few drops of toluene may be added and the 
aeration continued until this has been removed The estimation 
is then carried out m the usual manner except that, because of the 
dilution, 30 cc of the picric acid solution and 10 cc of the sodium 
hydroxide solution are used Sodium hydroxide equivalent to 
the hydrochloric acid used must also be added The results of a 
number of estimations m urines from patients with muscular 
dystrophy are summarized in Table III In order to eliminate 
the influence of suggestion, most of the determinations were made 
by two observers, one comparing the colors, the other reading the 
scale 

That dilute hydrochloric acid does not, under these conditions, 
effect an appreciable conversion of creatine into creatinine is also 


TABUS III 

Comparison of results obtained by direct estimation of creatinine in unnes con 
laming creatine and after addition of accloacctic acid and its extraction with 
ether 


- 1 
1 

NUMBER 

DinECT 

AFTER ADDITION < 
ACETOACETIC ACID 
EXTRACTION 


1 mgm per liter 

mgm per liter 

l 

235 

235 

2 

22G 

229 

3 

472 

472 

4 

793 

797 

5 

G13 

610 

6 

232 

228 

7 

494 

486 

8 

494 

498 

9 

434 

432 

10 

434 

439 

11 

434 

434 

12 

395 

398 

13 

424 

430 

14 

541 

537 

15 

359 

359 


TIME E LAPSED 
BETWEEN' THE ADDJ 
TION OF THE HTDKO- 
cnLonic acid and 

THE ESTIMATION 
hours 


3 

6 

18 

3 5 
8 

4 

4 

20 

5 
7 
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indicated by the following experiments Forty-eight milligrams 
of creatine were dissolved in 100 cc of 0 5 n HC1 solution At 
mtcmls the liquid was tested for creatinine by Jaffa’s reaction 
and also with pliosphotungstic acid Even after four days there 
was no precipitation on the addition of pliosphotungstic acid nor 
was the color produced with picric acid and sodium hydroxide 
different from that of the alkaline picrate solution On another 
occision, 0 119 gram of creatine was dissolved in 100 cc of water 
and 4 cc of concentrated hydrochloric acid After six hours at a 
temperature between 37° and 40°, the solution gave no precipi- 
tate with pliosphotungstic acid and onl> 1 slight reaction with 
picric acid and sodium hydroxide solutions 


TABLE IV 

Comparison of readings obtained in the direct estimation of creatinine in 
diabetic urine and after extraction with ether 
(25 cc of urine diluted to 250 cc before reading ) 


OinECT 

after EXTRj 

mm 

mm 

9 3 

7 80 

9 4 

8 30 

14 7 

9 20 

11 1 

7 12 

11 6 

6 86 


A few 7 examples of the results obtained by this method, as com- 
pared with the original Folin method, are given m Table IV The 
urines were obtained from a patient with a severe form of diabetes 
The figures in the first column were obtained after waiting until 
the readings no longer changed appreciably within three or four 
minutes This required from five to ten minutes The color may 
continue to fade slowly for a much longer time as is showm by tw r o 
experiments, the results of which are given in Table V The 
readings did not remain constant until about thirty minutes had 
elapsed 

Rose 9 has called attention to the low readings obtained, in the 
presence of dextrose, in the Benedict-Myers modification of the 
Folm method for the determination of creatine He has proposed 


9 Rose loc at 
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the substitution of phosphoric acid for the hydrochloric acid 
Apparently he did not use the original Folm method As is 
shown m Table VI, this is quite satisfactory If care be taken to 
prevent undue concentration, the effect of dextrose, even in a con- 
centration of 5 per cent, is barely appreciable, although the urines 
contain so little creatinine that the dilution before reading is only 
250 or 300 cc 

TABLE V 


Readings obtained m the estimation of creatinine in diabetic urine by the 

Folin method 



i 

II 


I 

n 

Immediately 


6 9 

Aftertwenty minutes 

18 2 

M 

After five minutes 

1 ®f 


After thirty minutes 

19 0 

EH 

After ten minutes 

P |v»fl 

9 0 

After forty-five minutes 

19 0 


After fifteen minutes 

i!D 

9 3 





TABLE VI 


The effect of dextrose upon the estimation of creatine by the Folin method 
(10 cc of diluted normal urine made up to 250 or 300 cc before reading ) 


NUMBER 

DEXTROBE 

ADDED 

READINGS 

NUMBER 

dextrose 

added 

READINGS 


pram 

mm 


pram 

mm 

1 



5 


7 93 


0 3 

8 95 


0 5 

7 80 

2 


6 88 

6 


8 07 


0 4 

6 83 


0 5 

7 98 

3 


5 57 

7 




0 5 

5 45 


0 5 

9 74 

4 


7 75 

8* 




0 5 

7 80 


0 5 



• Dog urine 


In this laboratory, the conversion of creatine into creatinine is 
generally accomplished m 50 cc flasks with short necks The 
condensation in the neck prevents the loss of any appreciate 
amount of water but the acetone is almost completely remove 
Three urines, which contained, respectively, 14 6, 10 5 an 
mgm of acetone m 10 cc , after being heated with hydrochloric 
acid as m the determination of creatine, contained only h 
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and 1 9 mgm of acetone m 10 cc Such small amounts of acetone 
are without appreciable efTcct on the readings obtained 
The Folm method is so simple that it seems to be preferable to 
the much more troublesome procedure recommended by Rose 
The only advantage of the latter is that conversion is completed 
a little sooner, but the time actually required for the manipulation 
is greater Except when a large number of determinations are to 
be made at the same time, it offers no advantages over the Folm 
method 

SUMMARY 

In urines containing acetoacetic acid or acetone, creatmme may 
be accurately estimated by the Folm method only after removal 
of these substances A method of accomplishing this is described 
Dextrose, m concentrations up to 5 per cent, is without appre- 
ciable effect upon the estimation of creatine by the Folm method 




ON THE COLORIMETRIC DETERMINATION OF URIC 
ACID IN URINE 

OTTO FOLIN and \V DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 
(Rcceixod for publication, January 27, 1013 ) 

By means of the new colorimetric method for the determination 
of uric acid in urine recently described by Folin and Macallum 1 
it is possible to make a reliable uric acid determination in about 
fifteen minutes The method consists essentially in evaporating 
the acidified urine to dryness and extracting from the residue 
certain polyphenol compounds which give a blue reaction with 
the uric acid reagent 2 The insoluble uric acid is left behind and 
is then determined colorimetrically Unfortunately this method 
is not directly applicable to all kinds of urine Urines of certain 
animals as for example the rat and cat and also certain kinds of 
pathological human urine (urines containing albumin or sugar) 
leave on evaporation such coatings of inert materials that it is 
practically impossible to remove quantitatively the interfering 
polyphenol compounds by means of alcohol-ether mixtures or 
indeed by any other solvent which does not also dissolve uric 
acid 

In their preliminary paper Folin and Macallum 3 described a 
different method for separating the unc acid from the disturbing 
polyphenols The uric acid was precipitated by means of ammo- 

1 This Journal, \i», p 363, 1912 

1 The urine was acidified with oxalic acid before the evaporation This 
produced some urea oxalate which protected the uric acid mechanically 
without interfering appreciably with the alcohol-ether extraction Recently 
C Farmer and F B Gnnnell have made a series of extractions after acidi- 
fying with 1 cc of 1 per cent monosodium phosphate solution Judging 
from the results obtained with pure uric acid solutions as well as with 
normal urines the results so obtained are rather more satisfactory with 
pure uric acid solutions and equallj satisfactory with urine 

3 This Journal, \i p 265 1912 
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macal silvei solution* more or less as m the Ludwig-Salkou->ki 
method Tlie gicat drawback to this procedure was the fact that 
m the presence of the silver the blue color obtained on adding the 
uric acid reagent was so v en transient m character that correct 
results could be obtained only by working with a very high degree 
of speed and uniformity of procedure 

Having solved the problem of how to make use of ammoruacal 
silver solution as a reagent for isolating uric acid from blood in 
a condition suitable for colorimetric determinations 4 we had, of 
course, in that procedure one that could hardly fail to be appli- 
cable to all kinds of urine The general method thus evolved 
necessitates the use of a small centrifuge but it is otherwise as 
rapid, convenient and accurate as the method described bj Fohn 
and M icallum for normal urine At all events because of its 
general applicability to pathological urines the method would 
seem to merit a separate description, especially as we are now 
able also to describe a method for the preparation of a satisfactory 
standard 

Standaid nnc acid solutions for the colonmelnc determination of 

unc acid 

No other detail in the colonmetric determination of uric acid 
has presented such difficulties as has the problem of finding a 
suitable standard Theoretically the most satisfactory standard 
for any color comparison is the color obtained with a known 
amount of the substance wluch is to be determined In all our 
work we have used fresh uric acid solutions for this purpose 
because no other stable substance has been found to give exactly 
the same color as that given by unc acid It is distinctly tedious, 
how'ever, to make up standard uric acid solutions every day or 
every few days The standard which was obtained by adding an 
excess of uric acid to an exact amount of the unc acid reagent 5 
was not entirely satisfactory, the chief drawback being the dis- 
tinctly greater rapidity with which the color of such solutions 
fade as compared with the solutions obtained by adding an excess 
of the reagent 

« This Journal, xm, p 469, 1913 

« This Journal, mu, p 367, 1912 
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By combining uric aud with foimaldohyde we liave at last 
obtained solutions of mic acid which act like ordmaiy pure uric 
acid solutions with reference to the quality and stability of the 
color produced with in excess of the uric acid reagent The 
solutions so obtained seem to keep their strength indefinitely 
We have now had several difTeient solutions for three months, 
Ime kept them m the light and m the dark, in cold places and 
m v arm ones, and in no case have \\c observed any diminution 
in the color value obtained nit h a given excess of the uric acid 
reagent The uric acid formaldehyde compounds do not possess 
more than a small fraction of the reactivity corresponding to the 
uric acid contained in them and their value in terms of uric acid 
must be determined just like that of any unknown unc acid 
solution but the important thing js that the active fraction, what- 
ev er it is due to, remains constant c 

The uric acid formaldehyde solution is piepared as follows 
One gram of uric acid in a volumetric liter flask is dissolved by 
means of an excess of lithium carbonate (200 cc of a 04 percent 
solution) To the solution are added 40 cc of 40 per cent formal- 
dehyde solution and the mixture is shaken and allowed to stand 
for a few minutes The clear solution is acidified by the addition 
of 20 cc of normal acetic acid and the whole is diluted up to the 
liter mark with Water The solution should remain perfectly 
clear and the next day (but not before) it can be standardized 
against a freshly prepared lithium carbonate solution of uric acid 
The color produced by 5 cc of the solution corresponds very 
nearly to the color obtained from 1 mgm of uric acid The colo- 
rimeter reading obtained for the solution when thus compared 
against 1 mgm of pure uric acid is, of course, theieafter to be 
used as the standard value coi responding to 1 mgm of uric acid 

The new unc acid method 

From 1 to 2 cc of urine are measured into an ordinal centri- 
fuge tube by means of a modified Ostwald pipette A sufficient 
amount of distilled water is then added to bring the volume of 

6 Unc acid formaldehyde compounds were first prepared by Tollens 
(Ber d deulsch chem Gesellsch , xxx, p 25X4, 1897) The solubility of these 
compounds has long been hnonn but their stability m aqueous solutions 
has evidently not been recognized before 
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the liquid in the tube to about 5 cc , si\ drops of 3 per cent silver 
lactate solution, two drops of magnesia mixture, and a sufficient 
amount (10-20 drops) of concentrated ammonium hydrate to 
dissolve the silver chloride are then added The tube is now 
centrifuged for one or two minutes, the supernatant liquid poured 
off and to the residue m the bottom of the tube are added five or 
six drops of freshly prepared saturated hydrogen sulphide water 
and one drop of concentrated hydrochloric acid, and the tube is 
placed in a beaker of boiling water until all excess of hydrogen 
sulphide has been driven off 

As hydrogen sulphide gives a blue color with the “uric acid 
reagent” care must be taken to obtain its complete removal To 
determine whether this has been accomplished one drop of 0 5 
per cent lead acetate solution should be added to the contents of 
th$ tube aftei the latter has remained in the water bath foi about 
five minutes and if any hydrogen sulphide still remains a dark 
biown precipitate will be formed If this condition be obtained 
the tube should be returned to the water bath for a further period 
of heating 

When the tube has been cooled, add 2 cc of the uric acid re- 
agent, 10 cc of saturated sodium carbonate solution, transfer to 
a 50 cc volumetric flask and make up to volume The color 
comparison is then made in the usual manner against the color 
obtained from 5 cc of the standardized uric acid-formaldehyde 
solution (or a freshly prepared pure uric acid solution) 

In the case of urines containing much albumin it w ill be found that after 
the addition of hydrogen sulphide the solution obtained is invariably of 
a brownish tint, which interferes with the color comparison, and thus 
makes accurate readings very difficult This difficulty may be overcome 
by adding to the hot solution (after the removal of all hydrogen sulphide) 
from two to ten drops of a 10 per cent sodium acetate solution 

This procedure has also been found useful m the determination of uric 
acid in blood where the same trouble is met with when as occasionally 
happens the protein has not been entirely removed 

Unless albumin be present sodium acetate should not be added at icr 
in blood or urine analysis as its presence tends to give slightly low resu ts 

The uric acid determinations recorded below show that the 
new method is capable of giving excellent results m the presence 
of large amounts of albumin or sugar The figures represen 
grams of uric acid per liter of urine 
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so or ontNE 


1 

1 + 10% scrum 

2 

2 + 10% scrum 

2 + 20% scrum 

3 

3 + 10% scrum 

3 + 20% scrum 

4 

4 + 10% scrum 

5 

5 + 10% scrum 

6 

0 + 40% scrum 
7 

+ 40% scrum 

+ 20% serum 

9 + 2% egg albumin 
10 

10 + 20% scrum 

11 

11 4- 20% serum 



1 

0 

17 

0 

47 ! 

0 

44 


1 

0 

45 

0 

65 ! 

0 

67 


i 

0 

06 

0 

44 | 

o 

42 



0 

43 

0 

48 

1 0 

50 



o 

49 


17 + 5% dextrose 

17 + 10% dextrose 

18 

18 4- 5% dextrose 
IS + 10% dextrose 

19 

19 + 5% dextrose 
19 + 10% dextrose 


, e Q 

IP 

°5U 

*5- 

Q il 

*§ 1! 

U H 

Z U 

3 I 

no or urine 

FOLIN- 

6HAFFER 

1 METHOD 

o 

§| 

0 49 

0 50 

12 

0 70 

0 76 


0 52 

12 4- 20% serum 


0 75 

0 49 

0 49 

13 

0 60 

0 57 


0 50 

13 + 5% dextrose 


[ 0 57 


0 47 

13 + 10% dextrose 


! 0 57 

0 84 

0 SO 

14 

0 82 

0 83 


0 S2 

14 + 5% dextrose 


0 S3 


i 0 SO ! 

14 4- 10% dextrose 


0 86 

0 60 

0 60 

15 

0 58 

0 62 


0 59 

15 4- 5% dextrose 


0 62 

0 69 

0 71 

15 4- 10% dextrose 


0 62 


0 70 

16 

0 65 

0 70 

0 47 

| 0 49 

16 4- 5% dextrose 


0 70 


j 0 50 

16 4- 10% dextrose 


0 69 

I 0 16 

! 0 17 

4 17 

0 68 

0 71 


0 47 


0 87 


0 70 
0 71 
0 46 
0 46 
0 47 
0 82 
0 80 
I 0 81 




ON THE NATURE OF THE IODINE-CONTAINING 
COMPLEX IN THYREOGLOBULIN 

Bi FRED C KOCH 

(From the Hull Laboratories of Biochemistry and Pharmacology, University 

of Chicago ) 

(Rcccncd for publication, Januarj 27, 1913 ) 

In this paper are given the results of an attempt to determine 
the nature of the active complex m the lodine-contaimng active 
principle of the thyroid gland Although the nature of this group 
was not determined, the quantitative physiological results here 
reported serve to establish certain predicted and other unexpected 
facts and to eliminate certain hitherto considered probabilities 

The problem was taken up both by analytical and by synthetic 
methods In the former method the physiological activity and 
iodine content of the dried thyroid tissue, the globulin therefrom 
and various products of hydrolysis from this globulin were deter- 
mined quantitatively In the second method two iodized ammo- 
acid derivatives, not previously tested by quantitative methods, 
were prepared synthetically and their physiological activity stud- 
ied quantitatively 

In thus tracing the active complex a number of important as- 
sumptions were made First, that the activity of unaltered thy- 
roid tissue depends quantitatively on its iodine content Second, 
that the best method known for measuring this activity directly 
and quantitatively is the Reid Hunt acetonitrile test 1 Third, 
that m case the iodine is present m the products of hydrolysis m 
the same combination as m the globulin then, per umt of iodine, 
these will still possess an activity comparable with the original 
globulin Fourth, that m case the lodme complex is an iodized 
ammo-acid and that in case this is decomposed m the process of 
hydrolysis then the synthetic preparation of various iodized 
ammo-acids or derivatives thereof and thejjilonJ^tative testing of 

1 This Journal, l, p 33, 1905 

ioi 
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these per unit of iodine may determine the probable nature of the 
iodine complex In other words, the actual Quantitative physio- 
logical activity per unit of iodine as measured by the Reid Hunt 
method was taken as the crucial test for the presence or absence 
of the unaltered iodine complex 
The historical development of the relation of thyroid activity 
to iodine content need not be considered at this time, especially 
in view of the thorough reviews and extensive confirmatory experi- 
ments made by Reid Hunt and A Seidell, 1 2 as well as the compara- 
tive histological and chemical studies by Marine m cooperation 
with Lenhardt and Williams 3 A careful study of these papers 
justifies the first assumption The second assumption is also 
well taken provided the proper precautions are observed as shown 
by Reid Hunt and A Seidell 4 5 Other methods for testing the 
physiological activity of thyroid substance, based on changes m 
blood pressure, 6 on increasing the irritability of the depressor 
nerve, 6 on changes in nitrogen metabolism 7 and on curative effects 
in cretinism 8 have been employed, but are not applicable m a 
quantitative study, nor are they as specific reactions 
Of the third and fourth assumptions we had no definite proof 
The studies of Oswald 9 and others show that during hydrolysis 
of thyreoglobulin only 30 per cent or less of the iodine remains 
in organic combination The iodine thus combined is m the vari- 
ous fractions and qualitatively it has been determined 10 that prob- 
ably the greater activity remains in the more complex products 

1 Bulletins 47 (190S) and 69 (1910) of the Hygienic Laboratory, U S Pub- 

lic Health and Marine Hospital Service 

5 Johns Hophns Hospital Bull , xvm, p 359, 1907, Joum Inf Dis , iv, 
p 417, 1907, Archives of Internal Med , i, p 349, 190S, Ibid , in, p 66, 1909, 
i bid, iv, p 440, 1909, ibid, vn, p 506, 1911, ibid , vm, p 265, 1911, 
Journ of Exp Med , xm, p 455, 1911 

4 Lac cil , Joum of Pharmacol and Exp Ther , u, p 15, 1910 

5 von FOrth and Schwarz Pfluger’s Archiv, cxxiv, p 113, 1908 

« von Cyon and Oswald Pftuger’s Archiv, Ixxxm, p 199,1901, Asher and 
Flack Zeitschr f Biol , Iv, p 83, 1910 

i Baumann Zeitschr f physiol Chem , xxi, p 487, 1896, ibid , xxu, p 1, 

1896, Munch med Wochenschr , xl, 1896 

* E Pick and F Pineles Zeitschr f exp Path u Ther , vu, p 518, lww- 

10 

* Arch / exp Path u Pharm , lx, p 115, 1908 
10 Pick and Pineles loc cit 
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of hydrolysis where also the greater part of the organically com- 
bined iodine is found What relation the activity bears to the 
iodine content therein has however not been determined As 
stated above we have evidence that some of the iodine is split 
off as iodide, but we have no direct evidence that all the organ- 
ically combined iodine found in the products of hydrolysis is still 
111 the same complev. or in the same structural relationship as m the 
original thyreoglobulin A number of iodized ammo-acids have 
been studied qualitatively as to physiological activity In no 
case has thyroid activity been detected The most conclusive 
results as to the inactivity of 3,5-iodo-laevo-tyrosme are those 
reported by Strouse and Voegtim 11 Other observations on the 
inactivity of various iodized proteins, which on hydrolysis yield 
3,5-iodo-tyrosine, also bear out these conclusions The studies 
on other iodized amino-acids do not lead to definite conclusions 
Thus von Furth and Schw’arz 1 : prepared and studied what they con- 
sidered iodized pheny lalamne, histidine and tryptophane They 
reported all these substances as physiologically inactive, but gave 
no data indicating that they r had really separated lodo-denva- 
tives of these substances Pauly 13 however actually separated 
pure tetra-iodohistidine anhydride and tri-iodo-imidazol and re- 
ported that these substances increased the respiratory and pulse 
frequencies, although umodized imidazol had no such action 
These considerations lead us to conclude that for the present the 
validity of the third and fourth assumptions is unknown to us and 
that the true answers thereto are part of the problem in hand 

EXPERIMENTAL P4.RT 

The mode of attack has already been outlined above The 
details as to the methods employed and the preparation of the 
substances studied are given below 

A Preparations 

Dried hog thyroids Hog thyroids 14 were freed mechanically from fat 
as much as possible and dried on glass plates in a current of air at 30~35 t> C 

ll Journ of Pharm and Exp Ther , 1 , p 123,1909 
15 Pfluger’s Archiv, cxxxiv, p 113, 190S 
11 Ber d deulsch chem Gesellsch , xlm, p 2243, 1910 
14 The raw material for this research was supplied by the trmour I abora- 
torj Department 
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The mass w as then ground to a coarse powder and fat removed by ether in 
the cold The remaining dry mass was then finely powdered Duplicate 
determinations on this gave 0 243 and 0 250 per cent iodine 
Thyreoglobulin This was prepared as previously described 15 Dupli- 
cate determinations on this gave 0 462 and 0 468 per cent iodine 
Iodolhynn (a) was prepared by the usual Baumann process from the above 
thyreoglobulin The extraction with 95 per cent alcohol of the melanoidm 
precipitate was made in a continuous hot extractor Duplicate determina- 
tions gave 5 81 and 5 85 per cent iodine 
Iodolhynn (6) was obtained in the same way from the melanoidm precipi- 
tate which separated in the complete hydrolysis of some of the same thyreo- 
globulin by 30-35 per cent sulphuric acid This on analysis gave 7 51 per 
cent iodine 

Iodolhynn (c) w as obtained from 40 grams of the same globulin bj hydroly- 
sis for three days at room temperature and for twenty-four hours at boil- 
ing temperature with 20-25 per cent phosphoric acid Phosphoric acid 
was used as it was thought that possibly the oxidative action of sulphuric 
acid might have an injurious effect This amount of globulin yielded 3 30 
grams of melanoidm, containing 1 75 per cent iodine The iodoth>nn 
extracted from this represented 24 per cent of the weight and contained 4 44- 
4 46 per cent iodine Thus onlj 61 per cent of the iodine in the melanoidm 
fraction was recovered in the alcohol extract 
Melaprolcin (A<) The filtrate from the melanoidm fraction above was 
neutralized with NaOH and the mctaprotein separated and dried oier sul- 
phuric acid in a vacuum desiccator This weighed 1 62 grams and contained 
1 51-1 53 per cent iodine 

Primary albumosc (At) The filtrate from above was half saturated with 
zinc sulphate after slightly acidifying w ith sulphuric acid The precipitate 
obtained was dial} zed until free from sulphate In this fraction there were 
recovered 3 1 grams containing 0 22-0 225 per cent iodine 
Secondary albumosc (At) Obtained from the filtrate from above bj com- 
plete saturation with zinc sulphate The precipitate after dial} zing as 
above yielded 4 grams dr} substance containing 0 069 per cent iodine 
The table (I) below gives a summary of the distribution of iodine in the 
different fractions abo\c 


TABLE I 


^ PFR CENT OP 

Vi EIGHT t IODINE 

RECOIERED | THEREIN 

1 . . 1 

TVEIOHT OF 
IODINE 

j PER CENT OF 
TOTAL IODINE 

I IN THE 

I globoun 

Melanoidm precipitate 3 30 | 1 74 

Metaprotein 1 G2 , 1 52 

Primary albumosc 3 01 ! 0 22 

Secondary albumosc 4 0 0 0095 

■Undetermined iodine j 

0 0575 

0 0246 

0 0066 

0 0027 

_ i 

1 30 9 

13 2 

3 5 

1 5 

50 9 


l5 Thw Journal, lx, p 121, 1911 
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Phosphotungstic acid precipitate Another 40 grama of thyreoglobulin 
were boiled with 25 per cent phosphoric acid for ninety-three hours The 
filtrate from the inelanoidin precipitate and metnprotein, after removal of 
the phosphoric acid by Ba(OIf) 5 and the excess of barium by sulphuric acid, 
was concentrated under diminished pressure to about 250 cc This was 
then freed from proteose and peptone by the Kutschcr tannin method 16 
The filtrate finallj obtained here after removal of the excess of lead was 
boiled with BaCOa to rcmoxc the ammonia The dissolved barium was 
again removed bx sulphuric acid The filtrate after acidifying with H S0 4 
to 5 per cent strength was precipitated with phosphotungstic acid in the 
usual wax The precipitate after thorough washing with 2 5 per cent phos- 
photungstic acid solution x\ is freed from phosphotungstic acid, barium and 
sulphate in the usual w ay Duplicate determinations on the dry ammo- 
acid mixture gave 0 0107 per cent and 0 0093 per cent iodine 
Another phosphotungstic acid precipitate from a hydrolysis by H SO* 
was w orbed up in the same w ay This dry residue contained 0 0068 per cent 
iodine The txxo samples xxcrc mixed and designated as P T A Ppt 1 
This mixture contained 0 0073 per cent iodine 
Phosphotungstic acid filtrate ( 1 ) This was freed from phosphotungstic 
acid in the usual w ay The amino-acid solution w as evaporated to dryness 
Duplicate determinations on the dry ammo-acid mixture gave 0 0024 per 
cent iodine 

Phosphotungstic acid precipitate (2) This was obtained in the same way 
as the aboxe from the partial hydrolysis by 10 per cent sulphuric acid of 
141 6 grams of thy rcoglobuhn containing 0 511 per cent iodine The puri- 
fied dry residue by analysis contained 0 0043 per cent iodine 
Phosphotungstic acid filtrate (2) The filtrate from the above was treated 
in the usual w ay The dry purified ammo-acid mixture left gave m dupli- 

cate determinations 0 0045 and 0 0043 per cent iodine 
Telra-iodohislidinc anhydride Histidine was prepared from ox erythro- 
cytes by the method of Frankel 17 Various methods were employed in 
try mg to iodize the dichlonde or the base itself but m no case were there 
indications of true absorption of iodine, but rather decomposition of the 
histidine While this work xvas under way Pauly 18 published his obser- 
vations with the same conclusions as to the difficulty or inability to iodize 
histidine directly At the same time, as stated above, he published his 
observations on tctra-iodohistidme anhydride Following the methods 
given by Pauly 19 the preparation of the methyl ester of histidine dichlonde 
was carried out and from this the histidine anhydride by the Pauly 
modification 0 of the Fischer and Zuzuki method The histidine anhydride 
was recry stallized from hot water a number of times to obtain the more 


18 Zenlralbl f Physiol , xix, p 504, 1905 

17 Monalsh f Chem , xxiv, p 230, 1903 

18 Ber d deutsch chem Gesellsch , xhu, p 2243, 1910 

19 Zeitschr f physiol Chem , lxiv, p 75, 1910 
50 Loc cit 
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readily soluble lncvorotatory form This was then iodized according to 
the Pauly method One determination on the snow-white product gave 63 
per cent iodine (theoretical 65 per cent) The slightly lower value may 
"be due to an admixture of a small amount of di-iodohistidine anhydride 

Iodized tryptophane Tryptophane was prepared from commercial casein 
by the Hopluns-Cole method 11 Several attempts were made to iodize 
the pure crystals by the method of Ncuberg,” but m no case was a substance 
obtained containing more than 6 3 per cent iodine The preparation finally 
made for physiological testing was obtained by dissolving one milligram 
molecule of tryptophane in 4 cc of ” NaOH, cooling by immersing in ice 
water and, while keeping cool and stirring well, adding drop by drop 6 cc 
of aqueous n iodine solution The mixture was allowed to stand at ice box 
temperature for twenty-four hours, then filtered off The precipitate Mas 
v* ell washed v, ith cold water and dried over sulphuric acid in a vacuum desic- 
cator The product obtained is light brow n in color, readily soluble in alka- 
lies, rcprccipitated on acidifying and liberates a very small amount of iodine 
to chloroform on shaking therewith Duplicate determinations on this 
gai c 41 5 and 41 9 per cent iodine (the theoretical for mono- and di-iodo- 
tryptophanc are 38 4 per cent and 55 7 per cent respectivelj ) 

B Methods 

Determination of iodine The Hunter” method with slight modifications 
was cmplojcd The material to be analyzed, taken in quantities of 0 05- 
2 grams vas mixed until 15 grams of fusion mixture and covered v. it h 10 
grams of fusion mixture as suggested by Hunter To conduct the fusion the 
Rogor’s ring burner was found to be much more satisfactory in ensuring a 
uniform rapid heating without overheating With the size of the flame once 
determined one finds ten minutes to be ample time to give a satisfacton , 
easily removable fusion In the treatment with alkaline hypochlorite it 
was considered best to warm to 40°C for ten minutes In acidifying it is 
very important to make sufficiently acid and then always to the same degree 
Sulphuric acid of 25 per cent strength was used here and since the same 
amounts of fusion mixtures and hypochlorite were used in each case the 
acidity was well controlled by always adding the same amount of acid 
In removing the excess of chlorine gentle boiling was continued for forty 
minutes after the negative test of the vapors by starch iodine paper In 
this way the blank test on the reagents never was more than 0 1 cc of a 
NajSjOj 5HsO solution 

Physiological testing by the Hunt method The method employed n ns t in 
of feeding the same quantity of iodine, in the different combinations, to 
white mice m such a manner ns to make as certain as possible the entire 
consumption of the material fed In order to do this each mouse w as rs 


” Journ of Physiol , xxvn, p 418, 1901 
” Biochcm Zcitschr , vi, p 276, 1907 
” This Journal, vn, p 321, 1910 
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fed for three or f )ur days with cracker dust made into pellets of known 
w eight At the close of this preliminary feeding the unconsumed material 
was weighed and from tins the axcrage amount eaten per day determined 
For ten days following this period each mouse then received this weight 
of cracker dust, with the incorporated iodine-containing substance, in 
the form of pellets The control mice were fed in the same way with 
plain cracker dust pellets At the end of the 10-day feeding period the 
acetonitrile was injected subcutaneously Each dose administered in 
series I, II and III was contained in 1 cc of fluid, m series IV-IX, in 0 5 
cc , in senes X, in 0 GO cc In most cases the animals consumed the food 
aery well All the mice used were raised in the laboratory building on a 
diet of milk and crackers with occasional bits of lettuce until used for the 
experiment Care was taken to compare mice of ns nearly the same age as 
possible In the tables below the litter number of each mouse is given 
The ages of the mice of the x anous litters were ns follows Litter 2, 119 days, 
litter 3, 102 days, litter 4, 100 days, litter 5, 80 days, litters 6 and 10, 99 and 
113 days respectively, litter 9, 115 days, litters 11-12, 125 and 135 days 
respectively, litters 13-14, 144 and 151 days respectively, litter 28, 85 days, 
Utters 29-30, 59 and G6 day s respectively, litters 31, 32 and 34, 95, 85 and 97 
days respectively, litters 33-35, 101 and 89 days respectively, litters 36-37, 
89 days, litter 38, 79 days, litters 5G-60, 91-103 days 

C Discussion of the 'physiological tests 

Thyreoglobulin Series I shows that thyreoglobulin possesses 
the full activity per unit of iodine when compared with the dried 
thyroid from which it was prepared This is also confirmed by 
senes IV where a decomposition product obtained from the 
globulin still shows the complete activity per unit of iodine 
The whole of the physiological activity of the gland is therefore 
quantitatively m the thyreoglobulin 

Metaprotein As stated above, this still shows the full activity 
per unit of iodine although the percentage concentration of iodine 
has increased from 0 465 per cent m the thyreoglobulin to 1 52 per 
cent m the metaprotem 

Iodothynn None of the lodothyrin preparations tested was 
found to bring about a resistance to acetonitrile more than three- 
fourths of that produced by the thyroid-tissue fed mice The indi- 
cations are that these preparations are all about equally inactive 
Iodothynn is therefore less active per unit of iodine than the thyreo- 
globulin See series III and Y 

Primary albumose This is still v.ery active, as shown by senes 
IV and VII, although the full activity per unit of iodine is not 
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shown to be present in every case tested In this connection it 
may be mentioned that the results m senes VI are of no value 
This senes VI, however is an illustration of irregular results, due 
m all probability to impure acetonitrile The acetomtnle was 
taken from a freshly opened bottle and found to smell decidedly 
of hydrocyanic acid Before using, it was shaken twice with 
saturated potassium carbonate solution, dehydrated with P 2 0 6 
and twice distilled from fresh P ; 0 6 Finally it was redistilled and 
the fraction collected between 79 and 83°C This distillate was 
used in senes VI For the later senes this distillate was again 
purified in the same way three times and finally redistilled twice 
without the addition of P 2 0 6 Here the distillate was collected 
between 80 5 and 81 5°C 

Secondary albumose This is much less active per umt of iodine 
than either the lodothyrm preparations or the primary proteoses 
Series VIP shows this, where the maximum dose resisted is only 
40 per cent of the maximum dose resisted by the thyroid-tissue 
fed mice 

Ammo-acids from the phosphohmgstic acid precipitate and the 
phospholungshc acid filtrate respectively The results m senes IX 
indicate that the former possess very little physiological activity 
as measured by the Hunt method On the whole, however, the 
results here are very unsatisfactory as the mice did not eat the 
amino-acid mixtures well, there being two or more days’ feeding 
left The results indicate that these amino-acid fractions contain 
very little thyroid activity This is better shown m series X 
where only one-tenth the quantity of iodine-containing substances 
was fed Although the mice fed with dned thyroid tissue resisted 
an amount over two and a half times that of the control mice, still 
the mice fed with the same amount of iodine, but m the form of 
amino-acids, resisted very little, if any, more of the acetomtnle 
than the control mice In other words, these ammo-acid fractions 
show a very slight physiological activity, if indeed they possess 
any activity whatever 

Tdra-iodohishdine anhydride and lodolryplophane These sub- 
stances when fed m amounts representing ten times the amount 
of iodine fed as thyroid tissue do not appreciably increase the 
resistance to acetonitrile See series II and VIII 
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Table II gives a summary of the results above The relative 
physiological activity is expressed (on the basis of feeding the same 
amount of iodine m each case) as follows representmg in each case, 
by 100, the largest dose of acetonitrile from which the thyroid- 
tissue fed mice recovered, then the other figures represent the 
proportions the limiting doses of the otherwise fed mice bear thereto 


TABLE 11 



RELATTVE 

ACTIVITY 

IODINE IN THE 
SUBSTANCE 1 

TOTAL IODINE 
IN THB TISSUE 

Thy rend tissue 

: 

100 

per cent 

0 247 


Thyreoglobulin 

100 

0 465 


Metaprotem 

100 

1 520 


Iodothj nn 

50-75 

4 46-7 51 


Primary albumose 

80-100 

0 220 | 


Secondary albumose 

40 

0 0695 


Amino-acids precipitated by phos- 
photungstic acid 

0 (+?) 

0 0043 


Amino-acids not precipitated by 
phospliotungatic acid 

0(4-?) 

0 0044 1 


Tetra-iodohistidine anhydride 

0 

65 00 


Iodotry ptophane 

0 

41 70 



These results show that both the thyroid activity and iodine 
may be concentrated from thyroid tissue m the thyreoglobulin 
as well as in the metaprotem and lodothynn from the latter Per 
unit of iodine, however, we have full activity retained in the thyreo- 
globulin and metaprotem only In the primary albumose frac- 
tion we have a lowering m the percentage concentration of iodine 
and also a shght lowering in the physiological activity per unit 
of iodine In the secondary albumose this is still more marked 
In the ammo-acid fractions the activity is extremely low if present 
In view of the researches of Hunt and Seidell with various iodine 
compounds and in view of the results obtained here, we cannot 
attribute the protective action in any of these cases to iodine itself, 
but to a specific iodine-containing complex in the thyreoglobulin 
It is significant to note that the highest physiological activity per 
unit of iodine is found in the original protein and in the more com- 
plex products of hydrolysis Since the lowest products of hydroly- 
sis are still less active per unit of iodine than the secondary albu- 
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mose it indicates either that the iodine group is altered m the 
hydrolysis, or that the iodine-containing group when in simpler 
combination or when separated, does not possess the full specific 
thyroid activity That the iodine-containing group when once 
separated w ould not possess the full activity is not at all unlikely, 
but we would be inclined to expect it to show some activity, 
at least when given in amounts such as were employed by Strouse 
and Voegthn with lodotyrosme and by the author m the expen- 
ments with tetra-iodohistidme anhyxlnde and lodotryptophane 
The indications as to the presence of tyrosine and tryptophane m 
iodothynn are very favorable, both from the chemical studies on 
lodothynn and also from similar studies on iodine-free melanoi- 
dins :A It is not likely that the iodme is spht off and then later 
added to the melanoidm fraction, it is more hkely that it is ahead} 
present in the globulin m the melanoidm-forming groups and re- 
mains in the original position in these groups, but that the groups 
themseh es are changed m regard to each other and thus the activ- 
ity affected to some extent, a poly-iodo derivative may be changed 
to a mono-iodo derivative and then may show decided differences 
m physiological activities If this were not the case w r e would 
expect artificially iodized melanoidms to show a decided thyroid 
activity Furthermore, it is not likely that sufficient hydnodic 
acid is split off m the early stages of the hydrolysis to yield as much 
iodme as is contained in the melanoidm fraction Finally, it is 
not at all improbable that we here have to do with a specific 
mdophore group just as in hemoglobin we have the chromophore 
group contaimng the iron The negative results with artificially 
iodized proteins speak strongly m favor of this view 

CONCbVSWTiS 

1 The full activity of thyroid tissue is contained" in the thyreo- 
globulin fraction when this activity is measured by the Hunt 
method 

2 The full activity per iodme unit is still present m the meta- 
protem fraction from this globulin, although the iodme content 
in the metaprotein fraction has been mcreased over threefold t at 
of the globulin itself 

n ‘-amucly II of mazier’ s Beilrage, n, p 355, 1902 
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3 The other products of the hydrolysis studied, primary albu- 
niosc, jodothyrm and secondary albumose, show a gradual decrease 
in activity per unit of iodine in the order given 

4 The amino-acid fractions precipitated and not precipitated 
by phosphotungstic acid from the partially hydrolyzed thyreo- 
globulin still contain very small amounts of lodme and per unit 
of iodine are either extremely low in activity or entirely inactive 

5 Tetra-iodohistidine anhydride and lodotryptophane do not 
possess thyroid activity as determined by the Hunt method 

I wish to express my thanks to Prof A P Mathews for sug- 
gestions made in the course of the work 
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Series V — Continued 


MOOSE 

UTTER NO 

FED DAILY WITH CRACKER 
DU6T PLUS 

FATAL 
DOSE OF 
ACETO- 
NITRILE , 

1 ' 

DEATH 

OCCURRED 

AFTER 

DOSE OF 
ACETO 
NITRILE 
FROM 
WHICH 
RECOVERY 
OCCURRED 

(g) 9 

W 9 

13-14 

1-3-14 

fO 0550 mg lodothy- 
| nn (c) (=0 00247 

1 mg I) 

mg per gm 

died whi 
2 5 

hr 8 

le feedin 

31 

mg per gm 

g 


Series VI November 24-December 4 


(a) 9 

29-30 

1 1 mg dried hog thy- 

2 5 

<24 

(6) O’ 

29-30 j 

> roids ( = 0 00247 

3 0 

li 

(c)cT 

29-30 

J mg I) 

2 0 

<18 

(d) o’ 

29-30 

1 1 123 mg primary 

died ivhi 

le feedin 

M 9 

28 

1 nlbumose (AO 

2 0 

30-40 

( f) c? 

29-30 

j (=0 00247 mg I) 



(g) a" 

28 

1 3 55 mg secondnrj 

1 5 

< 4 

(h) 9 

28 

1 nlbumose (A e ) 

2 0 

24-30 

Me? 

2S 

1 (=0 00247 mg I) 

1 25 

20-30 


Series VII January 1S-SS 


(а) 9 

(б) <f 
(O 9 
(d)d’ 

31-34 

31-34 

31-34 

31-34 

31-34 

31-34 

31-34 

31-34 

1 mg dried hog thj- 
■ roid (=0 00247 
mg I) 

died rvhi 

le feedir 

> 6 
> 8 

Me? 

(/) 9 
(ff) 9 
(5) 9 

1 123 mg primary 
i nlbumose (As) 

(=0 00247 mg I) 

2 8 

3 0 

(i)d' 

0)cr 
(M 9 
(0 9 

31-34 

31-34 

31-34 

31-34 

3 55 mg secondari 
- nlbumose (A e ) 

(=0 00247 mg I) 

2 0 

1 2 

1 0 

2* 

> 4 

24 
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Series VIII February 17-27 


MOUSE 

LITTER NO 

FED DAI! \ V> ITU CRACKER 
DUST PLUS 

FATAL 
DOSE OF 
ACETO- 
NITRILE 

DEATH 

OCCURRED 

AFTER 

DOSE OF 
ACETO 
NITRILE 
FROM 
WHICH 
RECOVERY 
OCCURRED 

(а) 9 

(б) 9 

(c) 9 

(d) 9 

33-35 

33-35 

33-35 

33-35 


mg per Qtn 

0 55 

hrs 

<18 

mg per gm 

0 45 

0 40 

0 35 

( e ) & 

(/) O' 

(g) 9 

C ft ) 9 

33-35 

36-37 

36-37 

36-37 

1 mg dried hog th>- 
> roids (=0 00247 
mg I) 

4 0 

died whi 
3 0 

2 

le feedin 
6 

g 

2 0 

(t Id’ 

0) o' 
a) 9 

(0 9 

33-35 

33-35 

36-37 

36-37 

0 0059 mg lodotryp- 
■ tophane 

(=0 00247 mg I) 

0 55 

1 6 

1 0 

0 45 

>36 

2* 

18 

>24 


(’«) a 1 
(n)«f 

33-35 

33-35 

1 0 059 mg lodotryp- 
> tophane 

1 0 

< 3 

0 5 

(o) 9 

33-35 

J (=0 0247 mg I) 

0 70 

<18 



Series IX March 12-22 


(а) a Ser VIII 

(б) 6 Ser VIII 

(c) cSer VIII 

(d) n Ser VIII 

33-35 

33-35 

33-35 

33-35 

i 

| 1 mg dried hog th j - 
roid (=0 00247 
mg I) 

4 0 

did not 

< 6 

eat, not 

3 5 

injected 

3 0 

(e) 9 

38 

: 

1 33 6 mg P T A 

died whi 

le feedin 

S 

(/) 9 

38 


Ppt 1 (=0 00247 

died whi 

[le feedin 

'g 

(ff) o’ 

38 

: 

1 mg I) 



0 8* 

(6) & 

38 

i 

100 mg P T 4 Filt 

1 0 

< 3* 


(0 c? 

38 


1 (=0 0024 mg 

0 8 

<18* 


Old' 

38 

. 

I) 

0 6 

<18* 



- ± wo or more aays leeaing ieit inis eipunuioui, « Vrt ,, nf , 

had recovered In previous experiments and the differences In age were too great for such y E 
animals 
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Series X 


MOUSE 

LITTER NO 

FED DAILT WITH CRACKER 
DUST PLUS 

FATAL- 
DOSE OF 
ACETO- 
NITRILE 

DEATH 

OCCURRED 

AFTER 

DOSE OF 
ACETO- 
NITRILE 
PROM 
WHICH 
RECOVERY 
OCCURRED 

(«) & 

(6) o’ 

(c) 9 

(d) c? 



vxq per gm 

0 5 

died whi 

hr* 

<10 

le feedin 

mp per pm 

g 

0 4 

0 35 

( C ) C? 

C/)(? 

(tf) 9 
(A) 9 

56-60 

56-60 

66-60 

56-60 

■1 1 ■ 

1 2 

not lnjeo 

3$ 

tod, grav 

1 1 

1 0 
id 

(i) <? 

0) o’ 

Md* 

(0 9 

56-60 
56-60 
56-60 
56-60 j 



48* 

< 6f 
<16 

0 4 

(«0c? 

(n) d’ 

(o) o’ 

(?) cf 

56-60 

56-60 

56-60 

56-60 

5 61 mg P T A 
Filt 2 (=0 003247 
mg I) 

1 0 

0 8 

0 7 

3J 

<12 

24 

0 5 


•Two days feeding left 
t About one day 8 feeding loft 












EXPERIMENTS BEARING ON THE FUNCTIONS OF THE 
LIVER IN THE METABOLISM OF FATS I 

By H S RAPER 

( From the Department of Pathological Chemistry, University of Toronto ) 
(Rccen ed for publication, January 27, 1913 ) 

Since the publication of Knoop’s experiments on the oxidation 
of phenyl substituted fatty acids m the animal body, a large 
amount of work has been directed to the object of determining 
the exact nature of the intermediate reactions involved m the 
breakdown of fatty acids to the ultimate end products, carbon 
dioxide and water It would oceup 3 r too much space to give a com- 
plete summary of this work and would, further, be needless, since 
an excellent account of the work has recently been published else- 
where 1 It is sufficient to say that most of the results, so far 
obtained, support the hypothesis that in the catabolism of fatty 
acids the long chain of carbon atoms is gradually broken down by 
a successive senes of /3-oxidations involving the removal of two 
carbon atoms at a time The first oxidation product is a /3-ketomc 
acid or possibly a ^-hydroxy acid, though much of the evidence 
points to the conclusion that /?-hydro\y acids are produced by 
reduction of the ketomc acids In some instances, the formation 
of a,/3-unsaturated acids has been observed, bur whether they anse 
by direct oxidation or radirectty, by the removal of the elements of 
water from a /S-hydroxy acid, is not yet decided Most of these 
exceedingly interesting results have been obtamed by observations 
on the fate of phenyl or furfuryl derivatives of the lower fatty 
acids and it has been assumed that the same senes of changes is 
the one which represents the mode of oxidation of the higher fatty 
acids when they are utilized as a source of energy m the animal 
body This assumption receives support from the fact, estab- 
lished by Embden and his co-workers, that on perfusion of a sur- 
viving liver with blood containing caproic, octoic or decoic acids, 

1 Dakin Oxidations and Reductions in the Animal Body, Longmans, 
Green and Compan> , 1912 



Hepatic Functions in Fat Metabolism 


aceto-acetic acid was produced, this being inferred from the 
increased amount of acetone obtained from the blood at the end 
of the experiment, whereas acids containing an odd number of 
carbon atoms gave no aceto-acetic acid The excretion of the 
“acetone bodies” in the unne m human or experimental diabetes 
may also be accepted as evidence m favor of the above assump- 
tion, since m these conditions it is beyond doubt that fat is being 
used up in relatively large quantities as a source of energy The 
fact that in such conditions, and especially in the experimental 
ones, the liver often contains a larger amount of fat than normal, 
has been taken to indicate that it is to this organ that the fat first 
comes when it is to be oxidized, since the other active organs of 
the body do not exhibit this fatty infiltration to anything like the 
same extent When, however, we come to examine the nature of 
the fat in the normal Irver, it is found to contain a much larger 
amount of unsaturated fats than that m the fat depots or, more 
correctly, the fat of the liver taken as a whole is more unsaturated 
than the connective tissue fat This is also true of the other active 
organs, such as the kidney and heart, but the difference is not 
quite so marked The exact meaning of the presence of these 
unsaturated acids is not yet clear Does the presence of these 
highly unsaturated acids indicate that they represent a stage m 
the normal breakdown of fat in the liver, or does it represent a 
stage in the synthesis of fat or are the acids essential constituents 
of the protoplasm of the cell which enable it to carry out functions 
not directlj associated with the catabolism of these acids them- 
selves? 

With the knowledge at present at our disposal, it is not possible 
directly to ansner any of these propositions, and it was with 
the object of trying to clear away some of the difficulties that the 
present work nas started We know so little about the synthesis 
of fats in the liver that the second possibility just mentioned cannot 
be put to the proof If, however, we accept the view of Leathes, 
that fatty acids are synthesized by the condensation of acetalde- 
hyde, with coincident oxidation and reduction at the appropriate 
stage, then it is easy to understand how unsaturated acids could 
arise m such a process by removal of the elements of water from 
the hj droxy aldehydes or acids formed, just as / 3 -hydroxybutyric 
aldehjde or acid loses water and is converted into crotomc a 1 e- 
hyde or acid as the case may be 
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/ CHO \ / CHO \ 

CHj-CHOH— CH.— I or ) > CH 1 -CH=CH- or ) 

\COOH/ \COOH/ 

Some interesting experiments on the formation and distribution 
of the unsaturated acids m the liver have been earned out by 
Leathes and Ins co-workers 2 It has been shown that the fatty 
acids, contained in the lipoid substances of liver, are as a rule more 
unsaturated than those present as glycerides, so that it seems prob- 
able that some of the unsaturated acids are destined to be built 
up into phosphatides and it is possible that the liver may be spe- 
cially concerned m their manufacture In a further senes of experi- 
ments, in which animals (rats and cats) were fed with oils having a 
high iodine value, it was found on examination of the fat from the 
vanous organs that the liver fatty acids had a higher iodine value 
than that of the oil administered, no such change being observed 
in the fat from the other organs The amount of fat, too, in the 
liver, appeared to be larger than normal in some cases and this 
also was true to some extent of the spleen From these experi- 
ments it was concluded that “the liver takes up fat conveyed to 
it by the blood and changes the fatty acids in such a way as to 
increase their power of absorbing iodine This may be interpreted 
as due either to the introduction of new unsaturated linkages, or to 
the transposition of existing ones from situations in which they are 
less liable to saturation by halogens to others m which they are 
more so ” Another possibility may be added, namely, that the 
liver has some selective affinity for the highly unsaturated acids 
and takes them up in preference to the more saturated ones 

The work described in the present paper was undertaken with the 
object of determining definitely, if possible, whether saturated 
lugher fatty acids, when taken up and metabolized m the liver, 
became unsaturated, as it was thought that this would tell us 
whether the phenomena observed by Leathes and Meyer-Wedell 
were due to a selective affinity of the liver for unsaturated acids 
In order to accomplish this, it was necessary to have carried to the 
liver some saturated acid that could be separated subsequently 
from the acids normally present in the liver and examined with 
respect to its power of combining with iodine 

Kennaw ay and Leathes Proc Roy Soc Med , 1909, Leathes and Meyer- 
Wedell Ptoc Physiol Soc , 1901 
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In view of Friedmann’s results 3 on the fate of methylated 
amino-acids in the organism, which showed that the methyl- 
amino group in these acids apparently protected them from 
complete oxidation, it was decided to use phenylamino-steanc 
acid, CieH 3r CH(NHC(;H B )COOH, in the hope that, although the 
a-carbon atom might be immune from attack, the long chain 
of carbon atoms might still be open to oxidation Moreover, 
phenylamino-steanc acid is insoluble in petroleum ether and can 
therefore be easily separated from the fatty acids normally present 
in the liver The acid, however, was not easily absorbed, so this 
substance had to be rejected Further, the small amount of acid 
absorbed was apparently oxidized for none could be found in 
the liver or connects e tissues This was confirmed by examining 
the urine for p-ammo-phenol After making the urine alkaline 
mth sodium carbonate and extracting until ether, a residue was 
obtained from the ether which gave a very strong mdophenol 
reaction Enough was not obtained for further identification 
A similar result uas obtained when a-phenylamino-hexoic acid 
uas administered In this case 4 grams of the acid given to a 
cat of 3 7 kilos proved fatal The phenylamino group in these 
acids is therefore not immune from attack 

The next experiments were of a different nature Higher fatty 
acids substituted with bromine in the a-position were administered 
and an attempt was made to separate the bromo-acids from the 
tissue or organ fatty acids by converting the former into phenyl- 
amino acids — a change which is easily brought about by heating 
them with aniline The free acid, however, even when mixed 
until meat, usually caused vomiting m cats, so this method of 
experiment was abandoned In one case, m which a cat absorbed 
7 grams of the acid m eighteen hours, none could be detected m the 
liver or connective tissues by means of aniline 

The next method chosen was the administration of cocoanut 
oil of which about 40 per cent of the fatty acids are volatile in 
steam, these acids moreover do not take up iodine The method 
adopted was to separate the volatile acids by steam distillation from 
the liver of animals to which the oil had been administered and 
determine whether they had become unsaturated by estimating 

4 Friedmann Beilr r chcm Physiol u Path , xi, p 158 
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the iodine absorption Since tiie small amount of higher fatty- 
acids, separated from the fatty acids of a normal liver by steam 
distillation, take up iodine, the method adopted had to be a differ- 
ential one Some of the experiments indicated that the acids 
recovered m this way from the liver had acquired the property of 
absorbing iodine to a slight extent The effect was not very 
marked and it does not appear to be sufficiently striking to prove 
the assumption that the liver desaturates these acids It is possi- 
ble, however, that only the higher fatty acids, with 16, 18 or 20 
carbon atoms, undergo this action to a marked extent, especially 
if the acids produced have to be built up into phosphatides 
The oil was administered to the animals by three methods, 
namely, by the mouth, by introducing soap solutions into the 
small intestine and by intravenous injections of fine emulsions of 
the oil In the course of the experiments, some interesting results 
were obtained which have a bearing on the selective functions 
exercised by the liver in the mobilization of fat Since cocoanut 
oil contains about 40 per cent of acids, volatile m steam, it was 
possible to estimate, roughly, the total amount of oil m the vari- 
ous tissues, after administration of a given amount of cocoanut 
oil to an animal Many factors influence the rate at which vola- 
tile acids distil in steam so the results are only roughly quantitative 
Controls have shown however that they are accurate enough to 
enable one to interpret them in the way that has been done 
When oil is given, mixed with food, it is not absorbed very rapidly 
and, after short periods of five to twelve hours, about 6 per cent 
of the oil absorbed is found m the liver In the connective tissue 
fat its presence is just detectable By infusion of cocoanut oil 
soaps into the intestine about 30 per cent of the absorbed fatty 
acids is found in the liver The condition of the intestine at the 
end of these experiments was very abnormal, so too much stress 
cannot be laid upon the results By intravenous injection of fine 
emulsions of the oil, none of the administered oil could be detected 
in the connective tissues, but from 25 to 60 per cent was found m 
the liver This remarkable selective activity exhibited by the 
liver m the taking up of fat from the circulating blood is probably 
due m part to the effect of the anaesthetic It was found, for 
instance, that a dog, which had cocoanut oil given by the mouth and 
later half a gram of morphia followed by ether anaesthesia, had 



122 


Hepatic Functions m Fat Metabolism 

twice as much of the oil in its liver as dogs similarly fed but receiv- 
ing no morphia and ether The amount of oil m the liver was 
however, even then, not so great as m a dog to which the oil was 
given intravenously Another factor which probably has an influ- 
ence on this selective action of the liver is the rate at which the 
oil enters the circulation In the feeding experiments, the oil was 
absorbed by cats, rarely at a greater rate than 0 5 gram per hour, 
whereas m the intravenous injections it was given at the rate of 
0 77 to 1 37 grains per hour 

Another factor which would explain m part the divergence be- 
tween the results of the feeding experiments and the intravenous 
injections is the possibility that the lower fatty acids m cocoanut 
oil, for instance, capnc and launc acids, may be absorbed, not as 
glycerides but as sodium salts and may not display the same tend- 
ency to accumulate in the liver as the glycerides do It is obvi- 
ous, when we consider the absorption of the sodium salts of the 
whole series of fatty acids, the lower members of which are ab- 
sorbed without further change and the higher members largely 
synthesized into glycerides before entenng the circulation, that 
there must be a gradual transition from one method of absorption 
to the other It is possible then that intermediate acids, such as 
capnc and lauric, reach the circulation partly as sodium salts, 
when their glycendes are introduced into the intestine, and since 
these acids are among those which were used to localize the cocoa- 
nut oil in the tissues because of their volatility m steam, the 
amount of volatile acid obtained from any organ would only indi- 
cate the minimum amount of cocoanut oil in that organ, because 
the fat entenng the organ might contain a smaller percentage of 
volatile acids as glycerides than the ongmal cocoanut oil This 
hypothesis was tested by administering cocoanut oil to a dog 3nd 
collecting the lymph from the thoracic duct dunng absorption of 
the oil It was found that the mean molecular weight of the acids 
present in the lymph as glycerides was much higher than that of 
the acids in the oil given and was still higher than that theoretically 
calculated allowing for the fat normally present m lymph The 
divergence m results obtained m the feeding experiments and intra- 
venous injections may therefore be partly due to the fact that some 
of the lower acids from the cocoanut oil enter the circulation as 
sodium salts and consequently do not accumulate in the liver 
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One other possibility remains to be considered, namely, that the 
fat taken up by the liver, ivhen fine emulsions were introduced 
intravenously, was retained mechanically and the phenomenon 
was therefore purely one of obstruction None of the experiments 
disprove this conclusively, as an emulsion has not yet been obtained 
so fine that a small fraction of the fat given does not remain in the 
lungs or spleen This occurs with emulsions so fine that the major- 
ity of the fat particles are less than 2 n in diameter and certainly not 
more than 4^i The emulsions were injected into the external 
jugular vein so that all the fat had to pass the pulmonary capil- 
laries before entering the systemic circulation In the earlier 
experiments, m which the emulsions were not so fine as in the later, 
a considerable amount of the fat remained in the lungs, the lung 
capillaries thus acting as filters and retaining the larger particles 
Of the fat which finally entered the systemic circulation, none 
was found m the connective tissues, the intestinal mucous mem- 
brane or the kidneys, whereas the liver contained 30 to 40 per 
cent With the finest emulsions, which resembled chyle m micro- 
scopic appearance, less than 2 per cent of the oil given was retained 
by the lungs and less than 3 per cent by the splden, whereas 25 
per cent was m the liver It seems probable, therefore, that this 
rapid fatty infiltration of the liver by the injected cocoanut oil 
is a phenomenon identical with that observed m conditions of 
hpaemia, such as, for instance, occurs m dogs after excision of the 
pancreas There seems to be every indication, therefore, when 
fat is brought rapidly into the circulation, that it is taken up selec- 
tively by the hver It is hoped to make further use of this selec- 
tive function, m a manner similar to that described m the present 
senes of experiments, m order to determine the changes which 
occur m fatty acids other than those of cocoanut oil when taken 
up by the hver 


EXPERIMENTAL PART 

The estimation of total fatty acids m the hver, when carried 
out, was done by Liebermann’s method of direct saponification, 
and all iodine values were determined by Wij’s method 

For the separation and estimation of the volatile acids, the 
organ was heated with about its own weight of 50 per cent caustic 
potash, until complete solution was accomplished, then alcohol was 
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added and the heating continued until saponification of the fat was 
complete The liquid was transferred to a large flask, acidified 
with sulphuric acid and distilled in a current of steam, 2 5 liters 
of distillate were collected m every case The distillate was made 
alkaline wnth caustic potash m order to dissolve the fatty acids 
and then evaporated to small bulk on the water bath This resi- 
due was transferred quantitatively to a Liebermarui flask and the 
fatty acids soluble in petroleum ether estimated in the usual way 
From a portion of the fatty acids obtained, the small amount of 
unsaponifiable matter usually present was removed by converting 
the acids into soaps in 60 per cent alcohol and extracting the solu- 
tion with petroleum ether The purified fatty acids separated 
from the soap solution by acidification and extraction with petro- 
leum ether then served for the determination of the mean molecular 
w eight 

For the volatile acids from the connective tissues, a fair sample 
of connective tissue from the subcutaneous tissues, the omentum 
and the subpentoneal fatty tissues was taken and, after saponifica- 
tion and liberation of the fatty acids, waj distilled in steam, 2 5 
liters of distillate being collected A control, obtained by adding 
1 gram of cocoanut oil to 80 grams of connective tissue fat and sub- 
sequent saponification and distillation in steam, showed that the 
actual weight of volatile acids obtained from the connective tissue 
fat gave very little quantitative indication of the amount of cocoa- 
nut oil present but the mean molecular weight of the volatile acids 
immediately showed that the presence of cocoanut oil m the con- 
nective tissues could be detected in this way 

For the experiments on cats, four control experiments were 
earned out Three with the livers of normal cats without any 
addition, and one with a cat’s liver to which a gram of the oil had 
been added before saponification Two controls were also carried 
out with dog’s liver on similar lines The results are collected 
in table I 

It will be seen, on reference to this table, that from a normal cat’s 
liver, on an average, 109 mgm of volatile acids soluble m petro- 
leum ether were obtained, with a mean molecular weight of about 
250, and these absorbed 61 4 mgm of iodine When 1 gram 
of cocoanut oil was added to the liver and the subsequent treat- 
ment nos the same, then the amount of volatile acids obtained 
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rose to 424 mgm The iodine absorbed by these acids was 49 2 
mgm Similarly, with roughly the same amount of dog’s hver, 123 
mgm of volatile acids v ere obtained with a molecular weight of 
255 5 and absorbing 65 9 mgm of iodine When cocoanut oil 
nas added to the same amount of the same liver, an increased 
vield of volatile acids was obtained with a corresponding decrease 
in their molecular weight and a slight diminution m the iodine 
absorption 

Feeding experiments 

In the experiment on cats, the oil was usually mixed with 
minced lean meat or with boiled codfish which contain less than 1 
per cent of fat 'When the ammal was killed, the contents of the 
alimentary tract were taken and the fat estimated, m order to 
gam some idea of the amount of oil absorbed In the experiments 
with dogs, the oil itself was given by the mouth and was usually 
readily taken As in the experiments with cats, the stomach and 
intestinal contents were worked up to find the amount of oil actu- 
ally absorbed The results are collected m tables II and III 

On reference to table II, it will be seen that more volatile acids 
are obtained from the liver than in the control cats In three 
out of the four experiments, the iodine absorption of the volatile 
acids is higher than in the controls, the most marked result m this 
direction being shown by the cat which had been receiving oil for 
nme days In this experiment the iodine absorption was 50 
per cent above the control average In spite of this, the desatura- 
tion of the volatile acids can only have taken place to a slight extent, 
as in the most marked case, with an iodine absorption of 92 mgm , 
it only accounts for a rise in the iodine value of the volatile acids 
from 0 to 6 In all four cases the mean molecular weight of the 
volatile acids from the connective tissues is below the control, 
showing that some of the oil had been retained there The result 
is most marked, as would be expected, in the cat which has received 
the largest amount of oil In the other three cases, m which the 
ammal was killed within twelve hours of administration of the oil, 
if allowance be made for the amount of volatile acids from a normal 
hver, and assuming that the amount of volatile acids obtained is 
equivalent to two and a half times its weight of oil, we find that 
betn een 5 and 6 per cent of the oil absorbed was in the liver 
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In the experiments with dogs (table III) the presence of cocoa- 
nut oil m the liver is also revealed by the amount of volatile acids 
obtained, but it is not quite as marked as in the experiments with 
cats The case m which the most notable increase m volatile 
acids occurred is the one in which the dog was given moiphia and 
ether subsequent to the administration of the oil In only three, 
out of the five experiments, is the iodine absorption above the 
average for the controls, being highest m the dog which had been 
anaesthetized for four and one-half hours Three grains of ure- 
thane and ether for only half an hour appears to produce little effect 
on the accumulation of oil in the liver 

Infusion of soap into the intestine 

The object of these experiments was to get rapid absorption and 
with this the possibility of a greater accumulation of the oil in the 
liver It was hoped thereby to get more satisfactory evidence as 
to the desaturation of the saturated volatile acids than was 
obtamed from the feeding experiments In these experiments, cats 
were used Urethane w r as given, followed by ether, and cannulae 
were inserted into the intestine just below the pylorus and just 
above the ileo-caecal valve, the lower cannula being fixed to a bu- 
rette The solution to be administered was injected periodically 
through the upper cannula, and at the end. of the experiment the 
intestinal contents were removed in order to determine the exact 
amount of fatty acid absorbed It was found that whenever the 
fluid infused contained chiefly soaps, the intestine at the end of 
the experiment was very congested and the mucous membrane had 
partly desquamated so that the condition of the absorbing area 
had been very abnormal On the other hand, when emulsions 
containing fatty acids or free hydrochloric acid were introduced, 
the intestine at the end of the experiment appeared quite normal 
and healthy In spite of the numerous and varied mixtures intro- 
duced into the intestine, containing sometimes oil, sometimes 
free fatty acids or soaps, together with bile salts and glycerin, 
and although acid, neutral and alkaline fluids were tried, in only 
four of the experiments was enough absorption obtamed to make it 
worth while searching for volatile acids in the liver The results 
are collected m table IV 
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The experiments show that the accumulation of the oil in the 
liver was much more marked than in the feeding experiments, the 
amount van mg between 25 and 33 per cent of the fatty acid given 
The iodine absorbed by the volatile acids was also higher than m 
the feeding experiments and still higliei than m the controls 
These experiments, then, indicate that desaturation of the volatile 
saturated acids from the oil has taken place, but, again, only to a 
slight extent 


Intravenous injection of emulsions 

The object of these experiments, as also that of the previous set, 
was to introduce fat rapidly into the circulation with the hope that 
more would be taken up by the liver and in consequence give a 
better chance for the detection of desaturation if it occurred In 
all the experiments performed, the amount of fat taken up by the 
liver was greater than in the feeding experiments, but only shght 
evidence of desaturation was obtained In the earlier experiments, 
the emulsions were relatively coarse, and rather less than half the 
oil given was retained by the lungs These emulsions were made 
by shakmgthe oil with a 0 15per eentemulsion of lecithin in normal 
saline The emulsions usually contained about 4 per cent of oil 
The amount of oil vas estimated before each experiment so that 
the amount introduced could be accurately determined It was 
discovered later that much finer emulsions could be made by using 
caseinogen instead of lecithin as emulsifying agent These emul- 
sions were prepared as follows 

Four grains of casern were heated on the water bath in a porcelain dish 
with 25 cc of normal saline and 4 cc of decmormal sodium hydroxide until 
solution was practically complete, 8 grams of cocoanut oil were now added 
and the mixture rubbed up with a pestle until drops of oil were no longer 
visible The dish was now removed from the water bath and the rubbing 
up continued until with gradual cooling the mass became gelatinous If too 
much saline is used to dissolve the caseinogen the mass does not set when 
cold and the emulsion is not quite as fine as when the liquid sets to a jelly 
on cooling In case the cold mixture is still creamy, it should be warmed 
up again until a little water has evaporated and the grinding continued until 
it is cold An alkaline salt solution was now made containing 160 cc of 
normal saline and 1 cc of decmormal soda for each gram of oil used The 
gelatinous mass nas rubbed up in a mortar in small portions with a few 
cubic centimeters of the salt solution until dissolution was complete 
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F mally the creamy solution thus obtained was diluted with the remainder 
of the salt solution, filtered through cotton wool and finally through filter 
pnper If the preparation of the emulsion has been successful, the whole 
of the fat should be in minute particles which show Brownian movement 
No particles with a diameter greater than 4p should be present and these 
should be few in number Almost the w'hole of the fat is usually in particles 
less than 2/i in diameter On standing m the cold, practically no separa- 
tion takes place 

The method of administration was as follows 

Urethane and ether w ere used as anaesthetics and, in the case of dogs, mor- 
phine and ether A cannula was inserted into the external jugular vein 
and this was connected to the burette containing the emulsion so that the 
rate of entry of the fluid could be easily adjusted The burette was sur- 
rounded by the outer tube of a Liebig’s condenser through which water 
was allowed to circulate at a temperature of 40° C About 100 cc of the 
emulsion was usually given in a couple of hours, the rate of administration 
of the oil being then about 2 grams per hour The animal was kept alive 
for a further two to four hours, and then killed 

The results of these experiments are collected in table V With 
the exception of the last experiment, the method of determining the 
amount of oil m the liver was the same as in the previous experi- 
ments, that is, by distillation in steam In the last experiment, 
the amount of oil going to the liver was determined by excising a 
lobe of the liver previous to the injection of the emulsion and 1 hen 
comparing the amount of fat m this lobe with the amount in the rest 
of the liver at the end of the experiment The result is approxi- 
mately the same as obtained by the distillation method and serves 
to confirm the results obtained by it In this case the spleen was 
examined for the presence of cocoanut oil by comparing the mean 
molecular weight of the acids from a normal spleen with that of 
the acids found in the spleen after the injection of the oil, the mean 
molecular weight of the acids in the oil being 212 In this case it 
was found that 0 09 gram of the oil was present in the spleen It 
will be seen, from the tabulated results, that there is marked evi- 
dence that the fat accumulates in the liver, but again the phenome- 
non of desaturation is only slightly indicated, the mean iodine 
absorption of the volatile acids being 71 9 mgm as opposed to 
01 4 mgm m the controls 

In conclusion, two experiments were performed on dogs in which, 
two hours after a meal of cocoanut oil, an attempt to collect the 
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hmph flowing fiom the thomcic duct was made The object of 
these was to determine whether the fat in the chyle had the same 
composition as that administered, or, if of different composition, 
whether the difference w as caused by a failure of all the volatile 
acids to undergo the glyceride synthesis In one of the experi- 
ments, although 50 cc of lymph were collected, it contained so 
little-fat in addition to what one might normally expect to be pres- 
ent in lymph, that no deductions in reference to the point in ques- 
tion could be made I11 a second experiment only 7 5 cc of lymph 
were collected as the animal died owing to a misadventure with 
the anaesthetic The lj mpli liowevei contained 5 37 per cent 
of f it and w as sufficient for the purpose of the experiment On 
examination of the fatty acids obtained from the chyle fat, the 
following results were obtained Mean molecular weight, 236, 
iodine value, 19 1 The iodine value of the oil given w r as 7 7 
and the mean molecular w eight of its fatty acids, 212 Assuming 
the iodine value of the fat normally present in lj mpli to be 90, and 
its molecular w eight 284, which are approximately what one would 
expect, then if enough of the normal fat w ere present to raise the 
iodine value from 7 7 to 19 1 the mean molecular weight w'ould 
onh be 222, whereas it was found to be 236 It thus appears as 
if the low er fatty acids in cocoanut oil do not completely undergo 
the glj ceride synthesis during absorption 

SUMMARY 

1 Cocoanut oil administered to cats or dogs by the mouth can 
be detected in the liver m five or six hours The amount present 
after times varying from five to twelve hours does not exceed 6 
per cent of that absorbed 

2 If cats be anaesthetized (urethane and ether), and a solution 
of cocoanut oil soaps containing glycerin and bile salts be run 
into the small intestine, then about 30 per cent of the absorbed 
fatty acid is found in the liver 

3 When cocoanut oil is given to cats or dogs intravenously m the 
form of a very fine emulsion, containing about 4 per cent of the 
oil, then from 25 to 60 per cent of the oil wdneh enters the systemic 
circulation is found in the liver 

4 It is probable that the greater retention of the oil by the liver, 
when it is administered in the form of soap or a fine emulsion, is 
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partly due to the anaesthetic and partly to the rapidity of adminis- 
tration 

5 When cocoanut oil is being absorbed, the fat in the chyle con- 
tains fatty acids with an average higher molecular weight than 
those in the oil administered It is probable, therefore, that the 
lower fatty acids in the oil are partly absorbed as sodium salts 

6 The volatile acids obtained from the liver in the above sets of 
experiments absorbed more iodine than the volatile acids from 
normal livers The increase was not great but it probably indi- 
cates that saturated fatty acids containing 10, 12 or 14 carbon 
atoms may become unsaturated in the liver 


I wish to express my thanks to Dr V E Henderson for assist- 
ance in the thoracic duct experiments and to Professor Leathes 
for much valuable help and criticism 
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THE INFLUENCE OF PHLORHIZIN ON DOGS WITH 
ECK’S FISTULA 

BrJ E SWEET and A I RINGER 

(From the Departments of Surgical Research and Physiological Chemistry of 
the University of Pennsylvania, Philadelphia, Pa ) 

(Received for publication, January 30, 1913 ) 

The liver plays a very important r61e in the carbohydrate metab- 
olism Its gluco- and glycogenetic functions have been the sub- 
ject of a very thorough study for over half a century, and a great 
deal of light has been thrown on it Its influence on the course 
of pancreatic and phlorhizm glucosuna has unfortunately been 
limited to but three series of experiments Markuse 1 m 1894 
showed that extirpation of the pancreas m frogs does not bring 
about any glucosuna if the liver is extirpated at the same time 
A year later Montuon 2 published the results of his experiments 
in which he showed that no glucosuna followed the extirpation 
of the pancreas m dogs if the blood vessels leading to the liver 
were tied off In 1907 Rosenfeld 3 published experiments on dogs 
with Eck’s fistula He showed that the injection of phlorhizm 
brought about no glucosuna These expenments led their respec- 
tive authors to far-reaching conclusions Rosenfeld, in fact, went 
so far as to assert that no glucosuna can arise except from glu- 
cose that has passed a glycogen stage He differentiates between 
"transglycogenic” and "aglycogenic” glucose By the former, 
he understands glucose that has passed through the liver and 
has been converted into glycogen This sugar can give rise to 
glucosuna By the latter, he understands glucose that has not 
passed the liver, and has consequently not been formed into 
glycogen It is the glucose that is taken up by intravenous ad- 

1 Markuse fiber die Bedeutung der Leber fur das Zustandekommen 
des Pankreasdiabetes, Zeitschr f klin Med , xwi, p 225, 1894 

Montuori Sull'importenza del fegato nel diabete pancreatico, Gazz 
d Osped ed elm , 1895, no 16 

3 Rosenfeld Die Oxjdationsnegc des Zuckers, Berl khn Wochcnschr , 
hi, 1907 
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ministration or the glucose that circulates after the extirpation 
of the liver or Eck’s fistula These conclusions apparently fit m 
with other experiments of the author m which he showed that more 
glycogen arises in the liver after feeding of glucose per os, than 
after injecting intravenously He also found that phlorhizmized 
animals eliminate more glucose after feeding of glucose per os 
than after subcutaneous injection These experiments are of such 
great importance m the physiology of glucosuna, that a repetition 
of them seemed desirable 

Five dogs were operated upon The method of operation was 
described by one of us (Sweet) 4 All dogs were brought to autopsy 
and the existence of the fistula verified The animals were phlor- 
hizmized in the usual manner, and m none of the animals did 
the phlorhizin fail to bring about glucosuna, nor was there any 
deviation from the usual course The outcome of our experiments 
undermines the very foundation of Rosenf eld’s theory, and an 
analysis of lus other experiments gives them an entirely different 
meaning He gave one phlorhizmized dog 100 grams of glucose 
per os Seventy-eight grams of glucose were recovered m the 
urine The same dog, after it had overcome the effects of phlor- 
hizin, received another 100 grams of glucose intravenously This 
caused a temporary*- glucosuna with the elimination of 21 and 
23 grams of glucose in two cases The animal was then phlor- 
hizmized as before and 100 grams of glucose given intravenously 
Only 36 grams of glucose appeared m the urine, 15 grams more 
than normally Tlus led Rosenfeld to the conclusion “dass die 
mtravenos gegebene Glucose von diabetischen Hunden unver- 
glcichhch besser vertragen wird als dieselbe Glucose wenn sie per 
os aufgenommen ward ” He reasons that the orally-fed glucose 
gives rise to glycogen and hence the glucose that comes from it 
is not burnt readily and is thrown out in larger quantities m 
glucosuna, whereas the intravenously-given glucose does not yield 
glycogen, and hence it is burnt 

In the light of oui present understanding of phlorhizin gluco- 
suria, it does not seem necessary to explain so simple an experi- 
ment in so speculative a way It is very well established now 
that in phlorhizin glucosuna the animal does not lose the poner 


4 Sweet The Artificial Anastomosis between the Portal Vein and the 
Vena Cava Infenor-Eck’s Fistula, Journ of Exp Med , vn, p 2,1905 
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of burning glucose The amount that may be burnt is a function 
of the ratio between the velocity of absorption of glucose and the 
velocity of its excretion by the Indnejs In other words, the 
amount burnt depends upon the amount that is circulating m 
the blood Assuming the ratio of excretion to be constant, as 
v as probably the case m Rosenfeld’s dog, conditions for the com- 
bustion of sugar were certainly more favorable in the case of the 
intravenous administration, for there we have a sudden increase 
m the glucose concentration of the blood, which cannot possibly 
be removed by the kidneys at the rate at which it is supphed 
Whereas m the administration of glucose per os, the absorption 
is a very slow one, small quantities ef glucose enter the blood 
at a time, and it is swept out by the kidneys more completely 
It is a verj common experience that small quantities of glucose 
are recovered much more quantitatively than are large quantities 

From the aforesaid, there seems to be no reason for the accept- 
ance of Rosenfeld’s hjqiothesis 

Finally, we tested the extent to which the throwang out of the 
liver by Eck’s fistula influences gluconeogenesis One of our 
phlorhizmized dogs received 15 grams of glycocoll at one time and 
5 grams at another time Here again, no deviation from the 
normal could be obtained The amount of “extra glucose” is 
similar to that obtained under ordinary conditions (Rmger and 
Lusk) 5 
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5 Rmger and Lusk Uber die Entstehung von Dextiose aus Amino- 
sauren bei Phlorhizinglykosurie, Zeitschr f physiol Cheui , lxvi, p 106, 
1010 
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SUMMARY. 

Eck’s fistulae were performed on five dogs The dogs were 
kept from one week to two months, when phlorhizm was admin- 
istered The glucosuria that followed resembled in every detail 
that observed in normal dogs This is contrary to the findings 
of Rosenfeld, who did not obtain any glucosuria at all 

The power of gluconeogenesis is not diminished in dogs with 
Eck’s fistula 



THE INFLUENCE OF PHLORHIZIN ON A SPLEN- 
ECTOMIZED DOG 

B\ J H AUSTIN and A I RINGER 

(from the Departments of Research Medicine and Physiological Chemistry 
of the University of Pennsylvania, Philadelphia, Pa ) 

(Received for publication, January 30, 1913 ) 

In a paper on the action of tissues and tissue juices on glucose, 
Levene and Meyer 1 found that the spleen possesses an activator 
for the enzyme which causes a condensation of the glucose mole- 
cule in muscle, hver, pancreas and lung One of us (Austin) had 
several spleneetomized dogs at his disposal, and we thought it of 
interest to see whether the absence of the spleen would m any 
way modif}' the course of the glucosuria after phlorhizin adminis- 
tration The results were entirely negative, i e , the glucose elimi- 
nation, the D N ratio and the degree of acidosis resembled m 
every respect the course of glucosuria in normal dogs 


1 This Journal, a, p 356, 1912 
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A METHOD FOR DETERMINING THE SURFACE TEN- 
SION OF LIQUIDS FOR BIOLOGICAL PURPOSES 

B\ C C ERDMANN 

(From the Chemical Laboratory of McLean Hospital, Waverley, Mass ) 
(Reccned for publication, January 31, 1913 ) 

In several papers, I Traube 1 gives an account of interesting 
results obtained by means of capillary analysis He emphasizes 
the importance of this method for biological work, since it enables 
us to observe reactions between components present in quantities 
so minute that gravimetric or volumetric methods utterly fail to 
demonstrate them His apparatus, the stalagmometer, is simple 
m construction It consists of a pipette whose outlet is formed 
bj a short capillary terminating in an enlarged disc so as to offer 
a plane, polished surface for the formation of the drop The 
resistance encountered by the liquid in passing the capillary 
adjusts the delivery of the drops so that, according to the vis- 
cosity of the liquid, about three to four seconds are required for 
their formation Two marks on the pipette define a certain 
volume, and the number of drops contained in this volume is 
counted by an automatic device Having estabhshed the drop 
number of the apparatus for distilled water, the surface tension 
relative to water of a liquid can easily be determined 

Trjang to carry out the same idea in a different way, the follow- 
ing modification was adopted A drop pipette for the delivery 
of a certain number of drops whose weight is to be considered is 
the essential part of the apparatus The drop pipette, of a few 
cubic centimeters capacity, so as to enable determinations when 
small amounts only of substance are obtainable, is provided with 
a highly polished drop surface ground so as to form the base of 
a cone The flow of the liquid is regulated by a narrow capillary 
(0 2-0 3 mm m diameter) and thus, for the formation of the 

1 Ber d deutsch chcm Gcscllsch , p 44, 1911, Biochem Zeitschr , wiv 
P 341, 1910 
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drops, about five seconds are required Drops delivered from this 
capillary were found to be uniform, so far as could be judged by 
their weight, provided that the drop surface was clean and the 
drop contained no air bubbles 


The details of the apparatus (made by Eimer & Amend of 
New York) may be seen in figure 1 of the accompanying sketch A, 
polished drop-surface of about 5 mm mdiameter, B , a thin capillary 
of about l mm , C, a wider capillary of about 1 mm , D, bulb of 
several cubic centimeters capacity (containing about 60 drops), E, 
short capillary with mark F , then ordi- 
nary glass tubing narrowed at G m order 
to hold m place the absorbent cotton H 
which excludes dust or particles of the 
stopper I from getting into the pipette, 
K, connection with the outside air, L, 
rubber stopper to connect the weighing 
bottle with the apparatus The pipette 
is embedded in a water jacket for the 
maintenance of a uniform temperature 
The water jacket consists of an inverted 
Winchester bottle cut so that the neck 
part contains about 1 5 liters The pi- 
pette is inserted m the neck by means of 
plaster of pans, and a layer of mercury 
protects the latter from the action of the 
water 

A thermometer indicates the tempera- 
ture of the water jacket, and by addition 
of either hot or cold water a certain tem- 
perature can be maintained for some time 
Though slight differences m temperature do not materially change 
the size of the drops, for accurate determinations the observation 
of the diff erent temperatures is important, and therefore a ther- 
mostat arrangement adjusted so as to correspond to the average 



room temperature may be used 

The determination of the surface tension of a liquid is came 
out as follows the clean pipette is first nnsed with the hqui y 
passing a small amount into the bulb and carefully drawing am 
through it The short capillary will prevent the liquid fro 
coming into contact with the absorbent cotton Then the pipette 
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is filled, closed with a stopper, and about fifteen minutes are 
allowed for the exchange of temperature differences between the 
waiter jacket and the contents of the pipette In the meantime 
the drop-surface is cleaned with fat-free filter paper Several 
drops are allowed to pass, the presence of air bubbles is easily 
detected and eliminated and, when it is safe to assume that the 
protruding part of the pipette has accepted the water jacket’s 
temperature, the pipette is closed again, and the weighing bottle 
attached to the apparatus by' means of the rubber stopper The 
w eiglnng bottle, which has a capacity of about 50 cc , contains 
a layer of liquid paraffin to prevent evaporation The with- 
drawal! of the stopper of the pipette will start the formation of 
the drops, and thus 10, 20 or more drops are collected It was 
found unnecessary to count the number of drops for a liquid more 
than once, since a certain weight corresponds to a certain number 
of drops 

In collecting 10 drops of the same liquid m each of two weighing bottles, 
the maximum difference in their weight will be found not to exceed 0 0005, 
the weight of a drop of water, for instance, being 0 0850 gram, this difference 
would amount to jfa of a drop Using a thermostat arrangement, m about 
twenty-five determinations it was found that for distilled water the maxi- 
mum difference (=*=0 0012) was due to the varying purity of the distilled 
water obtained from the laboratory still as well as to differences between 
the thermostat and the room temperatures 

As there is a possibility of determining the viscosity of the 
liquid at the same time, the use of a stop-watch was found con- 
venient, especially for those determinations m which a larger 
number of drops was collected In order to facilitate the com- 
parison of the results obtained from different liquids, these results 
may be expressed as drop numbers, corresponding to 5, 10 or 50 
grams of substance 

The following experiments were carried out by means of a drop 
pipette which was surrounded by a water jacket without thermo- 
regulator 

A solution of serum (rabbit) was prepared, I 100 in 0 85 per cent sodium 
chloride Having established its drop number, to 50 cc of serum were 
added 1, 2, 5 and 10 cc of ^ acid m the one line of experiments and the 
same amount of alkali in the other After standing for about twelve hours 
at room temperature, the solutions were filtered (Schleicher & Schull, 591) 
and 1, 2 or 3 times 10 drops were collected The weight of 10 drops divided 
into 50 (grams of substance) furnished the following drop numbers 



144 


Determination of Surface Tension 

Temperature of the water jacket = 16 2° — 16 4' 


SCI! STANCE 

0 S5 per cent NnCl solution 
50 cc +5 cc NaOH 
50 cc +5cc t&jHCI 
Serum 1 100 

Trom another rabbit 
The same 3 days later 
The same 7 days later 
Serum + T jrr IIC1 

50 cc serum + 1 cc 
50 cc serum + 2 cc 
50 cc scrum 4- 5 cc 
50 cc serum + 10 cc 
Serum 4- NaOH 
50 cc scrum + 1 cc 
50 cc serum 4- 2 cc 
50 cc serum 4- 5 cc 
50 cc scrum 4- 10 cc 


WEIGHTS (GRAMS) FOR 10 DROPS 


0 8263, 0 8266 
0 8253 (not filtered) 

0 8262 (not filtered) 

0 8213, 0 8212, 0 8213 
0 8214, 0 8213 
0 8212 

0 8051 (decomposed) 


0 8185, 
0 8038, 
0 7820, 
0 7511 , 

0 8226, 
0 8212, 
0 8173, 
0 S130, 


0 8187, 
0 8038, 
0 7820, 
0 7518, 

0 8226, 
0 8213, 
0 8176, 
0 S127, 


0 8186 
0 8038 
0 7821 
0 7517 

0 8226 
0 S212 
0 8173 
0 8128 


DROP J 0 


605 0 
605 7 
605 1 
60S 9 
60S 9 

609 0 
621 0 

610 9 
622 1 
639 5 
665 5 

607 8 
609 0 

611 7 
615 0 


The change m the surface tension of the NaCl solution pro- 
duced by the addition of either NaOH or HC1 is so slight that it 
can be ignored While small amounts of acid cause a pronounced 
change in the surface tension of serum, it shows a certain tolerance 
for alkali 


Result's obtained from ccrcbro-spinal fluid treated in the same ieay 


SGDSTANEE 

DROP VO 

Water 

584 3 

Undiluted fluid 

615 7 

1 % solution cerebro-spinal fluid in 0 85 % NnCl 

606 7 

Later determinations 

607 3 

Fluid decomposing 

60S 1 

50 cc of fluid 1 100 4- T jhj HC1 


1 cc 

607 5 

5 cc 

60S 3 

50 cc of fluid 1 100 4- fS® NaOH 


1 cc 

607 7 

5 cc 

607 S 


The ne^ determinations were earned out on syphilitic and 
non-syphilitic sera (which I owe to the kindness of Dr am® 
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H Wright of the Massachusetts General Hospital) subjected to 
the Noguchi modification of the Wassermann reaction 


0 S5 per cent NaCI solution = 639 4 


NO 

DROP NUMnrns FOR 50 GRAMS OF SUBSTANCE 

Incubated Not Incubated 

RE KCTIOV 

0 

040 0 

645 1 

Negative 

7 

645 5 

054 0 

Strongly positive 

10 

042 2 

643 6 

Positive 

13 

646 6 

644 7 

Slightly positive 

14 

644 8 

644 8 

Negative 

16 

655 5 

655 6 

Negative 

17 

644 6 

644 5 

Negative 

18 

65S 1 

657 6 

Strongly positive 


For the surface tension determination, the sera 
were diluted 1 125 with salt solution, except num- 

bers 16 and 18, w hich were used m a more concen- 
trated solution (about 1 50) The differences m 

surface tension before and after incubation, ex- 
pressed as drop numbers for 50 grams of substance, 
are verj slight, hardly exceeding the experimental 
error, and m accordance with the investigations of 
Bertohm 3 who was unable to obtain results analo- 
gous to those of Ascoli 3 

For surface tension determinations of less dilute 
solutions, a modification of the above pipette was 
used (see figure 2), which, not being surrounded by 
a water jacket, offered the possibility of introduc- 
ing the liquid directly into the bulb by means of a 
short side tube This side tube is closed by a rub- 
ber stopper holding a thermometer Instead of 
filtering the solutions they are centrifuged for about 
fifteen minutes at high speed, thus small solid par- 
ticles are removed which would be liable to be re- 
tained in the small capillary Before the collection 
of the drops is begun, fifteen minutes are allowed 
for the acceptance of room temperature, a slight 



if 


3 Biochem Zeitschr , vcvui, p 60 
3 Munch med Wochenschr , 11 , p 62, 1910 
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pressure on the rubber bulb mil start the formation of the drops 
The temperature coefficient having been established, all results 
can he calculated for an average temperature 

The effect of healing on cow serum 

About 500 cc of cow serum contained in a long-necked bottle 
were shaken in a water bath, the temperature of which was slowly 
raised A thermometer immersed m the serum indicated its 
temperature, and from time to tune (each additional 5°) a small 
amount was withdrawn, until coagulation rendered this impossible, 
and set aside for the surface tension determination The follow- 
ing table indicates the results expressed in drop numbers for 50 
grams of substance 

For another experiment cow serum was used to which a small 
amount of sodium benzoate had been added and which had been 
standing for three days in an ice chest 


table 1 

Average room temperature 20° 


TEMPER 
ATT) RE 

EIGHT OF 

10 DROPS 

DROP NO 

I TEMPER- 

1 ATCRE 

WEIGHT OF 

10 DROPS 

DROP NO 

dec C 

Room 

0 7088 

050 7 

deg C 

45 

0 7618 

65G 5 

25 

0 7674 

651 G 

50 

0 7589 

659 0 

30 

0 7636 

655 0 

55 

0 7538 

663 2 

35 

0 762S 

655 4 

60 

0 7456 

670 4 

38 

0 7629 

655 4 

65 

0 7136 

700 3 

40 

0 7032 

655 3 

70 

0 6716 

744 5 


In both experiments the change m surface tension was found 
to correspond to a curve rising slowly at lower temperatures but 
rapidly at the beginning of coagulation, from 65°-70° At 38 , 
however, a deviation occurs apparently caused by enzymes, which, 
at temperatures nearing that of the body, find the conditions of 
optimum efficiency It was noticed that the serum, though kept 
in an ice chest, showed daily changes in surface tension, and there- 
fore to a new preparation of serum about 0 1 per cent of sodium 
benzoate was added to prevent bacterial decomposition Never 
theless, a similar change in surface tension occurred, and enzyme 
action must be held responsible for it This would also explain 
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TABLE II 


A\crngc room temperature 20° 


temperatohc 

WEIGHT (10 DROPS) 

TIME FOR FORMATION 
OF 9 DRors 

DROP NO (50 GRAMS) 

rfrp C 


seconds 


Room 

0 7643 

119 

054 1 

30 

0 7640 

115 

654 5 

35 

0 7629 

115 

655 5 

38 

0 7633 

115 

655 1 

40 

0 7617 

115 

656 4 

45 

0 7610 

115 

657 0 

55 

0 7603 

114 

657 6 

60 

0 7547 

116 

662 4 

65 

0 7368 

124 

678 6 

70 

0 6928 

219 foi 4 drops 

722 0 


the fact that the surface tension is influenced by freezing and 
subsequent thawing of the serum Changes in the viscosity of 
the serum are noticeable onh w lien it has been heated nearly to 
coagulation temperature 




ON THE ACTION OF LEUCOCYTES ON SOME HEXOSES 
AND PENTOSES 


THIRD COMMUNICATION 

CONTRIBUTION TO THE MECHANISM OF LACTIC ACID 
FORMATION FROM CARBOHYDRATES 

BrP A LEVENE and G M MEYER 
( From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, February 3, 1913 ) 

In previous communications the authors have demonstrated 
that, through the action of leucocytes, glucose is transformed into 
d-lactic acid, and that the cleavage of the sugar molecule does 
not proceed beyond this phase Smce then, the results obtained 
by us were corroborated by Embden and his co-workers, ICondo 
and K v Noorden, Jr , l and by Rona and Arnheim 2 

Regarding the conditions of the experiments it was stated that 
a certain degree of hydroxyl concentration, such as is offered by 
a 1 per cent Henderson phosphate mixture, was required for a 
successful result, and that distilled water could not be used as 
a medium of the reaction, smce it prevented the reaction from 
taking place, and antiseptics, such as toluene and chloroform, 
acted in the same way At the time of our first publication we 
had overlooked a statement of Rona and Doblm 3 that the gly- 
colysis generally produced by blood was absent "when blood had 
been diluted with distilled water or when chloroform had been 
added to it 

The observations on the action of leucocytes were, extended 
to a larger number of sugars, both hexoses and pentoses, with 
a view of elucidating the mechanism b 3 r which, in the organism, 
lactic acid is formed from sugar It is obvious that a molecule 
of hexose cannot undergo a direct decomposition into two mole- 

1 Biochem Zeitschr , xlv, pp 63 and 94, 1912 

2 Ibid , \Iviii, p 35, 1913 

3 Ibid , x\xu, pp 489 508, 1911 
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cuies of lactic acid without passing a number of intermediary 
transformations In recent years there have been brought to the 
front a great many speculations tending to elucidate the me- 
chanism of the reaction They can be found in recent publica- 
tions on alcoholic fermentation, lactic acid fermentation or on 
glycolysis 

After the publication of our previous articles on the action of 
leucocytes on glucose, and while the present investigation was m 
progress, there appeared a senes of articles by Embden and his 
co-workers, on the basis of which Embden formulated a theory 
that by the action of tissue enzymes one molecule of glucose is 
dissociated into two molecules of glyceric aldehyde, second, that 
glyceric aldehyde is then transformed mto lactic acid, and third, 
that the a-carbon atom of the glyceric aldehyde remains unaffected 
in course of the transformation The mechanism may be pre- 
sented in the following form 


0 

0 

0 

0 

II 

II 

II 

!) 

c 

1 

C — H 

1 

C-H 

| 

C— OH 

1 

1 

H— C — OH 

j 

1 

H-O-OH 

1 

1 

H — C — OH — 
1 

1 

H-C— OH 
j 

I 

OH — C — H — 

1 

-+ Hr-C— OH 

1 

Hr— C — OH 

C-H, 

1 

+ 



H— C— OH 

0 



1 

1! 

* , 1 .... - 


H— C— OH 

C— H 
| 

II 


1 

Hr-C—OH 

1 

H— C-OH 

1 




1 

H,— C— OH 




I 

Although our own work on the mechanism of the reaction is 
not yet completed, yet it seems to us, that it furnishes a very 
definite argument against the correctness of Embden’s view 4 
It is obvious that if a molecule of glucose dissociates mto two 
of tactic acid, according to the hypothesis of Embden, both of 
the tatter possess the same optical character Thus, d-g ucose 
may yield two molecules of d-lactic acid In this case, however, 

* Biochem Zeilsctr , \Iv, p 10S, 1912 
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mannose and fructose would not be expected to yield the same 
result It is evident from a glance at the configuration of the 
respective sugars that mannose would be expected to form dl- 
lactic acid, and fructose a mixture of dl- and d-lactic acid 


dihydroxyaceton 5 

0 O H s -C— OH Hr-C— OH 

II I! II 


C— II 

1 

C — H«- 
| 

-O' 

II 

O 

O 

II 

O- 

1 

OH-C—H 

1 

OH— C— H 

1 

OH— C— H - 

1 

> Hs-C— OH 

1 

1 

1 

+ 

OH-C—H - 

— > Hi— C — OH 

H— C— OH 

0 

1 

+ 

1 

1! 

It— C— OH 

1 

0 

II 

C— H<- 

It— C— OH 

C — H<- 
1 

1 

H— C— OH 

Hi — C — OH 

1 

H— C— OH 

1 

1 

d-fructosc 

1 

H -C— OH 

d-mannose 

H— C-OH 

1 

Hi — C — OH 

yields dl-lactic acid 

H,— C— OH 

yields d lactic acid 


It was found in the course of our experiments that fructose, 
mannose and galactose all are transformed into lactic acid by 
means of leucocytes under the conditions reported in the previous 
communications Regardless of the nature of the hexose, the 
lactic acid formed was invariably the d-form Of course, it is 
important to make certain that the lactic acid obtained m the 
experiment did not consist of a mixture of the active and inactive 
forms This possibility can be excluded in our experiments on 
the following grounds first, the zinc salt of the dl-lactic acid is 
more insoluble than that of the optically active form, hence, it 
should be the first to crystallize if it were present m the mixture, 
second, the specific rotation of the zinc salt obtained from any 
one of the hexoses was of the same magnitude Thus, on the 
basis of these experiments it does not seem possible that the 
formation of lactic acid is brought about by simple rearrangement 
in the molecule of glyceric aldehyde Whether or not pyruvic 
aldehyde is the phase immediately preceding the formation of 
lactic acid remains to be established 


* Would be expected to yield dl-laetic acid 
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Attempts to bring about a dissociation of pentoses by means 
of leucocytes resulted negatively 

It may be mentioned here that tissues preserved under 
strict aseptic conditions act on sugars in a way identical to leuco- 
cytes The results of the experiments m that connection will be 
communicated separately 

EXPERIMENTAL 

Leucocytes These Mere obtained from dogs by injections of 
turpentine into the pleural cavity The technique and further 
handling of the material has been described in a previous com- 
munication 

Solutions The suspensions were made in the identical manner 
as the glucose experiments, ina 1 per cent Henderson phosphate 
solution 

Bacteriological controls Both aerobic and anaerobic cultures 
were made from all leucocyte-sugar mixtures at the close of the 
experiment and only those analyzed which were sterile The 
bacteriological examinations were made by Dr J Bronfenbrenner 
and we take this occasion to express our appreciation 

Methods of analysis Sugar was estimated by reduction of 
Fehling’s solution, the reduced copper was determined by Vol- 
hard’s method 

Lactic acid Since the previously reported experiments we have 
succeeded in obtaining a von der Heide ether extraction apparatus 6 
The leucocyte sugar solutions were carefully made neutral to 
litmus, brought to a boil and the proteins coagulated with the 
addition of very dilute phosphoric acid The addition of sodium 
sulphate crystals facilitates the precipitation of the proteins The 
solution was filtered and again made neutral to litmus, and then 
sufficiently concentrated in vacuo to be contained in the ether 
extractor Crystalhne sodium sulphate is added to give about 
a one-half saturated solution and then 5 to 10 cc of phosphoric 
acid are added Extraction is allowed to proceed for at least 
seventy-two hours The ether extract is then dried over anhy- 
drous sodium sulphate and filtered Water is added to the flask 
and the ether distilled off The lactic acid in aqueous solution 
is converted into the zinc salt m the usual manner 

. Senchl d komgl Lehranstall / Weinbau in Geisenheim a Rh , 1906, 
p 23 
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I Experiments showing dtsappeen ancc of sugars m mixtuie of 
sugar and leucocytes 


Mannose 



Is 

to BO 

(0 

1 

j SNO’HN 

GQ , ' 
Ok 

g* 1 

cs 

< 

1 0 1 

to 1 

1 

' 6901 

1 

£ 

H CO 

U CO 

« 

n. 


cc 

1 CC 


percent 



a At beginning of experiment 

1 

20 6 

20 6 

6 35 



After thirtj -six hours 

1 

19 8 

19 8 

6 10 

0 25 

4 10 

b At beginning of experiment 

2 

30 4 

18 2 

5 62 



After thirtj -six hours 

2 

34 8 

17 4 

5 36 

0 26 

4 86 

c At beginning of experiment 

1 

13 6 

13 6 

4 19 



After thirtj -six hours 

I 

12 0 

12 0 1 

3 69 j 

0 50 

11 90 

d At beginning of experiment 

1 

20 0 

20 0 

6 16 



After thirty-six hours 

1 

17 0 

17 6 

5 42 

0 74 

12 00 

e At beginning of experiment 

1 

19 0 

19 0 

5 85 



After thirty-six hours 

1 

16 3 

16 3 

5 03 

0 82 

14 00 

Lacvulose 






a At beginning of experiment 

2 

37 2 

18 6 

6 40 



After thirty-six hours 

1 2 

35 4 I 

17 7 

6 09 

0 31 

5 10 

b At beginning of experiment 

2 

35 0 

17 5 

6 02 



After thirty-six hours 

2 

33 4 

16 2 

5 56 

0 46 

7 35 

c At beginning of experiment 

1 

17 6 

17 6 

6 05 



After thirty-six hours 

1 

16 4 

16 4 

5 48 

0 53 

8 40 

d At beginning of experiment 

1 

15 9 

15 9 

5 41 



After thirty-six hours 

1 

14 5 

14 5 

4 90 

0 51 

8 95 


Galactose 


a At beginning of experiment 

2 

30 8 

15 4 

5 61 

0 18 

3 20 

After thirty-six hours 

2 

29 8 

14 9 

5 43 

b At beginning of experiment 

2 

28 0 

14 0 

5 09 

0 32 

6 29 

After thirty-six hours 

2 

26 2 

13 1 

4 77 

Arabinose 






a At beginning of experiment 

2 

29 2 

14 G 

5 69 

0 

0 

After thirty-six hours 

2 

29 2 

14 6 

5 69 

b At beginning of experiment 

2 

28 2 

14 1 

5 50 

0 

0 

After thirty-six hours 

2 

28 4 

13 2 

5 53 



/ lose 

a At beginning of experiment 

After thirty-six hours 

2 

2 

27 6 
27 6 

. 

13 8 
13 8 

5 38 

5 38 

0 

0 
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II Experiments shomng formation of d-laciic acid during 
“ Glycolysis ” of mannose 


a 150 cc of the leucocyte mannose mixture (c, Experiment I) were 
extracted in a von der Heide extractor with ether Yield of crude lactic 
acid «= 0 2134 gram 

0 145 gram of the recrystallized salt m 2 167 grams of water in a 1 dm 
tube gave a rotation, a = — 0 45° 



-6 7° 


b 300 cc of leucocyte mannose mixture (d and e, Experiment I) were 
together extracted with ether in a von der Heide extractor 

0 563 gram anhydrous zinc lactate was obtained This was recrystal 
Iizcd and analyzed 

0 2278 gram of the recrystallized salt lost, on drying to constant weight 
at 110°, 

0 029 gram HjO = 12 73 per cent HiO 

Calculated for two molecules HjO = 12 88 per cent 

0 0906 gram anhydrous salt after ignition 

gave 0 0302 gram ZnO = 33 33 per cent ZnO 

Calculated = 33 40 per cent 

0 1344 gram zinc salt in 1 8684 grams HjO gave a rotation in a 1 dm 
tube of a => — 0 47° 



-7 0° 


c 300 cc of Iaevulose leucocyte mixture (c and d) were extracted with 
ether m a von der Heide extractor The yield of recrystallized zinc lactate 
= 0 2474 gram 

0 1624 gram recrystallized salt lost, on dry- 
ing to constant weight, 0 0211 gram 
H,0 

Calculated for two molecules H s O 
0 1413 gram anhydrous salt was ignited and 
gave 0 0469 gram ZnO 

Calculated *• , 

0 1536 gram zme salt in 2 0138 grams H 5 0 gave a rotation in a 1 dm tuuc 

of a = — 0 49° 

r -,20 

U =-68 


= 12 95 per cent HtO 
= 12 88 per cent 

= 33 20 per cent ZnO 
= 33 40 per cent 



AN ENZYME CONCERNED WITH THE FORMATION OF 

HYDROXY ACIDS FROM KETONIC ALDEHYDES 

Bt H D DAKIN and H W DUDLEY 
( From the Hcrlcr Laboratory, New York ) 

(Received for publication, February 3, 1913 ) 

Since so little is known of the unstable labile substances which 
actively participate m the synthetic reaction of the living cell, 
and as it is so difficult to frame adequate experiments for the 
analysis of these various reactions, it seemed desirable to follow 
some of the changes undergone by structurally related substances 
which have been rendered partially stable by the incorporation 
of an aromatic group 

The present paper deals with the fate of phenyl glyox al m the 
animal body and its decomposition by animal tissues 

Phenyl glyoxal administered to rabbits in doses of 1-1 5 grams 
per kilo leads to the excretion of about half a gram of optically 
active Z-mandehc acid and about three-quarters of a gram of 
hippunc acid No phenyl glyoxyhc acid was detected The fact 
that a ketomc aldehyde through enzyme action may unite with 
water to form an optically active hydroxy acid appears to be of 
some significance The benzoic acid (hippunc acid) may ongi- 
nate either by the direct oxidation of the phenyl glyoxal or by 
the oxidation of mandehc acid or probably by both reactions 

CeHj CO CHO -* CeHs CHOH COOH — > C.H* COOH 

1 

C.Ht COOH 

An examination of the action of aqueous extracts of various 
animal tissues, including liver, pancreas, heart, skeletal muscle, 
kidney, blood, spleen and bram, showed that in every case an 
enzyme was present capable of converting phenyl glyoxal into 
mandehc acid and that the action of the catalyst was readily 
inhibited by heat It would seem, therefore, as if the reaction 
was a rather general one 



156 Enzyme Hydroxy Acid Formation 

The role that hetornc aldehydes may play m metabolism is 
not yet clear, but it is at least suggestive to recall that methyl 
glyoxal is readily obtained by the decomposition of sugar by 
mild hydrolysis and that by analogy methyl glyoxal should yield 
lactic acid, when acted upon by the enzyme previously referred 
to Conversely, should the enzyme reaction prove to be reversi- 
ble, as seems likely, may not this type of reaction be concerned with 
the actual formation of carbohydrate from lactic acid and indi- 
rectly from amino-acids? The possibility of ammo-acid synthesis 
from methyl glyoxal must also be considered 

CjH,iO« -> 2 CHj CO CHO CH , CHOH COOH 

The testing of the above hypothesis involves somewhat difficult 
experiments and will take considerable time 

It is interesting to note that phenyl glyoxal readily combines 
with histidine, arginine, ornithine and lysine to give sparingly 
soluble yellow substances These compounds are under investi- 
gation 

EXPERIMENTAL 

Three experiments were made m which phenyl glyoxal (1 5 
grams) dissolved in warm water (80 cc ) was given by stomach 
tube to rabbits weighing about 1 5 kilos The urine m each case 
was collected for about twenty-four hours and proved to be dis- 
tinctly laevorotatory owing to the presence of mandehc acid On 
distilling the urine, no evidence was obtained of the presence of 
unchanged phenyl glyoxal The urines were acidified with phos- 
phoric acid and extracted with ether in a continuous extractor On 
concentrating the ether extract, from 1 3-1 5 grams of crystalline 
residue were obtained This was dried on porous plates and the 
bulk of the hippunc acid obtained by direct crystallization from 
water The hippunc acid melted at 185° and gave 7 7 per cent 
of nitrogen on analysis (calculated 7 8 per cent) 

The mother liquor from the hippunc acid was shaken thrice 
with small portions of ether The ether extract on evaporation 
gave crude mandehc acid (0 4-0 5 gram) which was readily purified 
by rccrystallization from benzene and was completely free rom 
hippunc acid 



157 


H D Dakin and H W Dudley 

In each case, some inactive mandehc acid (20 per cent) was 
found with the active variety, the former being probably formed 
by the direct hydrolysis of phenyl glyoxal other than by enzyme 
action On repeated recrystalhzation from water the more spar- 
ingly soluble active acid, m p 130-132°, separates first 


0 1221 gram gave 0 2830 gram CO s and 0 0595 gram HsO 
Analtsis 



Found 

Calculated for 
CtHiOj 

c 

63 2 

63 2 

H 

5 4 

5 3 


For the investigation of the action of tissues upon phenyl gly- 
oxal, mixtures were made of from 20 to 50 grams of minced tissue 
with a solution containing 0 1 to 0 25 gram of phenyl glyoxal, with 
half its weight of sodium bicarbonate After incubation at 37° 
for about tnenty-four hours in the presence of toluene, the solu- 
tions were heated on a water bath with an equal volume of satu- 
rated ammonium sulphate solution containing a little phosphoric 
acid The mandehc acid was extracted by shaking with ether, 
and the ether extract taken up m cold water (10 cc ), filtered and 
examined in the polanmeter m a 2 dm tube In every case 
laevo rotations of from 0 8° to 2 1°, due to Z-mandehc acid, were 
observed The mandehc acid was readily obtained m crystalline 
form for identification Experiments in which the tissue extract 
was boiled prior to adding the phenyl glyoxal showed rotations 
of less than 0 18° The results indicated that from 40 to 60 per 
cent of the phenyl glyoxal was converted into laevomandehc acid 
in every case 

A more detailed study of the action of the enzyme is in progress 

Note added at proof correction Further investigation has 
shown that the enzyme above referred to is active m aqueous 
extracts of various tissues and that it may be roughly purified 
by precipitation with salts An enzyme solution prepared from 
dog’s liver when added to pure methyl glyoxal (4 grams), pre- 
pared according to Meisenheimer’s method, effected its complete 
decomposition in less than ten minutes with formation of lactic 
acid 
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I PREFACE 

During 1907-1908, a preliminary investigation of the conditions 
of tnnmc fermentation was made by the writer with the purpose 
of improving the practical methods involved In the course of 
this preliminary investigation a number of interesting observa- 
tions were made, justifying a further study of the conditions of 
the fermentation and of the relation of various organisms to the 
process With the progress of the investigation other phases 
suggested themselves, until ultimately four distinct but correlated 
parts of the subject were experimentally studied Part I, here 
reported, includes chiefly (1) the toxicity of tannic acid for vari- 
ous fungi, (2) a comparison of the organism Aspergilltis mger and 
Penicillium sp in the fermentation of tannic acid, (3) the condi- 
tions and influence of various factors on the fermentation process 
Part II is concerned primarily with the influence of nutrition on 
the production of the enzyme tannase, and will be reported in a 
subsequent paper 

These investigations were begun at the suggestion of Prof 
B M Duggar and prosecuted in his laboratory It is a pleasure 
here to express my thanks for the advice, kindly criticism and 
assistance, which he has so generously given 

II INTRODUCTION 

Chemical nature of tannic acid Wagner 1 has grouped the 
tannins into a “physiological” and a “pathological” series, the 
latter including, as most important, the tannin of oak galls as 

1 R Wagner Beitrage zur Kenntnxs und zur quantitativen Bestimmung 
der Gerbsauren, Zeitschr f anal Chem v, pp 1—10, 1866 
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■well as the tannm of sumach and chestnut The pathological 
tannins are hydrolyzed by boiling with acids or through the action 
of the enzyme tannase, gallic acid resulting For other distin- 
guishing characteristics of the tannins Trimble's 2 and Proctor’s 3 
treatises may be consulted, and for a discussion of the diverse 
views held regarding their chemistry reference should be made to 
special papers on the subject 

This paper is concerned with the fermentation of the tannin 
from oak galls, which is frequently termed gallotanmc acid 

History of tannic acid fermentation Scheelc 4 found in 1786 that gallic 
acid was present in the gall nuts Robiquet 5 attributed the fermentation 
of the gall nuts to a ferment within the gall nut Laroque 4 considered the 
formation of gallic ncid from tannic acid to be due cither to a ferment or to 
oxidation He further found that xarious toxic substances could inhibit 
the fermentation Ed Robiquet 7 showed that the tannic acid was trans- 
formed during the fermentation and he believed the transformation to be 
due to the ferment pectase which he extracted from the gall nuts Witt- 
stcin 8 stated that beer jeast aided tannin fermentation by fermenting the 
sugars and other products present Van Ticghcm 5 was the first, however, 
to demonstrate that tl c formation of gallic acid during fermentation is due 
to the action of fungus organisms, and not to enzymes pre-existing in the 
galls, nor to oxidation by the air He stated further that the organisms 
were Prnicillium glaucum and a new organism which he named Aspergillus 
niger He found that if the grow th w as submersed, the tannic acid w as con- 
verted into gallic ncid and glucose, the glucose being gradually used up, the 
gallic acid remaining He stated further that if the growth was on the sur- 
face, sporulation and greater growth occurred and that the tannic acid was 
destroyed directly, the slight hydrolysis being due to submerged mycelium, 
the resulting glucose and gallic acid being then assimilated 


* II Trimble The Tannins, Part I, 1GS pp , Part II, 172 pp , 1S92 

3 H IC Proctor Leather Industry Laboratory Booh, 2nd edition, 450 pp , 
1903 

* Quoted from II Trimble loc cit 

5 M Robiquet Fails pour servir i de l’acide galhque, Ann de chim 
cl de phys , 2 C serie, Ixiv, pp 385-409, IS37 

4 A Laroque Neue Untersuchungcn uber Gallussaure, Ann d Chcm u 
Pharm , xxxix, pp 37-100, 1841 

7 Ed Robiquet Recherclies sur la fermentation galhque, Ann de chm 
tl dc phys , 3 C sent, xxxix, pp 453-4G0, 1853 
* Wittstein Jahrcsber uber die Forlschnttc der C hemic, 1S53, p 435 
1 Ph YanTieghem Sur la fermentation galhque, Compt rend del Aca 
d«s Sci ,\xv, pp 1091-95, 18G7 
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Muntz 10 found that fermentation occurred through the action of Pcm- 
ctllivm glaucum Fcrnbach 11 grew Aspergillus mger in Rauhn’s solution 
with the sugar replaced bj tannic acid, and then extracted from 4 he organ- 
ism the enz ymc tannasc Pottcvin , 1 in a similar manner and at the same 
time, extracted the enzjmc tannasc from the same fungus He noted also 
that the enzyme was developed when Aspergillus mger was grown on Raulin’s 
solution with the sugar replaced by gallic acid Ho stated that the tannase 
ictcd on tannate of gelatin and also hydrolyzed methyl salicylate and ethyl 
sabcjlatc 

Manea 13 showed that S 3 nthctically prepared digalln. acid was not split up 
b> Aspergillus mger and Pcmcilhum glaucum into gallic acid, and therefore 
concluded that the li 3 drol 3 zable tannin of the gall nut could not be a digallic 
acid The latter in high concentrations was toxic to the organism Fur- 
ther, Manea estimated quantitative^' the digalhe and tannic acid used by 
each organism In a stud 3 of the fermentation process he employed pure 
cultures, adding a previous^ sterilized Rauhn’s solution rendered strongly 
acid The quicker the fermentation, the richer was the 3 ield of gallic acid 
obtained 

Ixunz-Krause 14 found an oct 3 'l gallotannoid, ChHmOjj, which through 
the action of a mould was transformed to gallic acid 

III METHODS 

Culture solution Throughout all the work the culture solutions 
used were a slight modification of Richards ’ 16 solution or of Cza- 
pek’s solution 16 These solutions are designated respectively A 
and B and are as follows 

10 Muntz Ber d dculsch chem Gcscllsch , 1877, p 1773 

11 A Fcrnbach Sur la tannase, Compl rend de I’Acad des Set , cxxxi, 
pp 1214-15, 1901 

15 H Pottevin La tannase Diatase dedoublant 1’acide gallotanmque, 
Compl rend del’ Acad des Sci , cxxxi, pp 1215-17,1901 

13 A Manea Sur les acidcs gallotanmquescl digalligues These, Geneaa, 
1904 (Cited from Lafar Handb d techmschc Mykologie, I, p 663 ) 

14 Kunz-Krause Fragmente zu einer Monographie d Tannoide, Pharm 
Cenlralbl , Halle, 1898 (Cited from Lafar Handb d techmschc Myt ologie, 
I, p 662 ) 

13 H M Richards Die Beeinflussung des Wachstums eimger Pilze durch 
chemische Rcize, Jahrb f unss Bot , xxx, pp 665-688, 1897 

16 Quoted from A W Dox Intracellular Enzymes of Pemcillium and 
Aspergillus, U S Dept of Agric , Bureau of Animal Industry, Bulletin 
120, 70 pp , 1910 
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Solution A 

Solution B 


iCNOj 

1 0 ' gram 

MgSO, 

0 5 gram 

KHjPQi 

0 5 gram 

K,HPO, 

0 1 gram 

MgSO, 

095 gram 

KC1 

0 5 gram 

Distilled H O 

100 cc 

NaNOj 

Distilled HjO 

2 0 gram 
10C0 cc 


The source of carbon was cane sugar, tannic acid or gallic acid, 
either alone or supplementing each other, depending upon the 
experiment A 10 per cent concentration of sugar was employed, 
as experience has shown that the better growth is secured with 
this concentration than with the lower concentration This fact 
is developed m a subsequent table 

Methods of inoculation In all of the fermentation experiments 
the method of inoculation employed was that proposed by Hasse- 
lbnng 17 

Methods of analysis The volumetric method of Dreaper 18 
was used for some- experiments, but for most of the work the volu- 
metric method proposed by Jean 19 was used Both methods have 
imperfections, but they are approximately accurate In all cases 
analyses were checked by duplicate determinations and usually bv 
more 

Method of washing and weighing the fungus felt For the experi- 
ments, the results of which are included m tables I and II, the 
method used m washing the felt free from gallic and tannic acid 
iv as as follows 

The felt was removed by means of a bent needle and floated on distilled 
water, the water being renewed until it gave no further coloration In order 
to secure the submersed growth, the solution was poured into a cylinder and 
the submersed growth, which now usually floated on the surface, was then 
removed by needles All of the mycelium was then placed in a crucible, 
which had been brought to constant weight at 105°, heated for five hours at 
the same temperature and then weighed This method, ns well os the use 
of filler paper, possesses obvious disadvantages as well as being inaccurate 
For most of the work, therefore, the follow ing method w ns used The Gooc 


” II II Haasclbring Carbon Assimilation of Pemcilhuin, But Gazette 
xlv, pp 170-193, 190S 

is \\ r P Dreaper Estimation of Tannic and Gallic Acid, Chem eue, 

xc, pp 111-112, 1904 _ 

up Jean Die Bestimmung des Tannins und der Gallussaure, 

Cenlralbl , 1900, pp 1107-08 
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filter was prepared in the usual manner, as employed ‘In quantitative chem- 
ical analjsis, and filtration vas made by means of the Gooch funnel with 
suction The original solution was first decanted into the Gooch crucible 
The felt was then washed in the flash four or five times with distilled water at 
room temperature, or, if gallic acid had been precipitated, warm water 
was used The washing of the felt continued until the wash water was per- 
fectly clear The felt was then placed in the Gooch crucible, the flask again 
washed and the v ash water poured into the Gooch crucible The advan- 
tages of the method consist in the rapidity of the filtration and the accuracy 
which results from the thorough a ashing, which latter is important when the 
culture solution is to be analyzed and absolute weight of mycelium is to be 
obtained It is an especially accurate method of securing all the fungous 
mycelium, and by exercising a little care there is no noticeable loss of spores 

IV TOXICITY OF TANNIC ACID I OR CERTAIN FUNGI 

In the literature of tannic acid fermentation only two organisms 
are mentioned as possessing the property of effecting this fermen- 
tation, these are Aspergillus mger and Pemcillium g lav cum In 
order to determine v hether other organisms are capable of effecting 
the transformation, a considerable number of filamentous fungi 
were carefully tested with respect to their ability to grow in tannic 
acid solutions 

As a nutrient medium a bean decoction was made by boding 1 
liter of laboratory preserved beans with a liter of tap water The 
juice was then filtered off and diluted to 2 liters With this decoc- 
tion as a solvent, four concentrations of tannic acid were made, 
namely, 0 25 per cent, 2 per cent, 5 per cent and 10 per cent Test 
tubes were employed as culture vessels, to each of which were 
added 10 cc of the solution Small wads of filter paper were 
added to afford a solid substratum The tubes were prepared m 
duplicate, sterilized, inoculated and kept at room temperature 
They were examined at intervals and the final observations made 
at the end of two weeks are recorded in table A 

It is especially noteworthy that the 5 per cent permitted the 
growth of only one-third of the organisms, while m the 10 per cent 
solution only Aspergillus flavus, Aspergillus mger and Pemcillium 
sp are able to grow A separate experiment indicated that 
Aspergillus oryzae could withstand 10 per cent tannic acid 

An experiment was also made to determine if any of these organ- 
isms could utilize tannic acid as a source of carbon Solution B 
with 11 6 grams of tannic acid per 100 cc of solution was used 
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TABLE A 


ORGANISM 

i 

CHARACTER OF OROWTH 

0 25 per cent 

2 per cent 

5 per cent 

10 percent 

1 Pemcilhum brctncaulc 

good 

good 

good 


2 Pemcilhum camembcrli 

good 

good 

very slight 


3 Pemcilhum clam forme 

good 

good 

good 


4 Pemcilhum duclauxii 

good 

good 

none 


5 Pemcilhum granulatum 

good 

good 

good 


0 Pemcilhum ilalicum 

good 

slight 

slight 

l 

7 Pemcilhum lilacmum 

good 

slight 

none 

! 

8 Pcnicilliumpurpurogcnum 

good 

none 

none 


9 Pemcilhum sp 

good 

good 

good 

good 

10 Aspergillus flavus 

good 

good 

good 

good 

11 Aspergillus mger 

good 

good 

good t 

good 

12 Tnchoderma lignorum 

good 

none 

none _ 


13 Mucor circincltoidcs 

good 

slight 

none 


14 Mucor rouxn 

good 

slight 

none | 


15 Mucor spmosus 

good 

none 

none | 


10 Polyporus sulphurous 

good 

none 

none » 


17 Polyporus resinosus 

good 

none 

none 


18 Pomes mcgaloma 

no growth 

none 

none 


19 Chaclomium sp 

good growth 

none 

none 


20 Chacloslylon sp 

good growth 

none 

none 


21 Slysanus sp \ 

good growth! 

none 

none 


22 Ccphalothccium roscum 

good 1 

none 

none j 


23 Circinclla umbcllata 

1 

good 

none j 



Erlenmeyer flasks of 150 cc capacity were employed, and in each 
were placed 50 cc of the culture solution After sterilization 
these flasks were inoculated and maintained at room temperature 
In addition to the above list of organisms the following were tested 
Aspergillus oryzae, Nectna ipomoeae, Fusanum oxysporum, Phyco- 
myces miens and Shlbella sp Of all organisms tested only Asper- 
gillus mger and Pemcilhum sp 20 developed Duplicate cultures 
of all these organisms on Chinese galls gave similar results, except 
in this case Aspergillus flavus produced a very slight growth 
VanTieghem'’ 1 found that both Aspergillus mger and Pemcilhum 
glaucum could withstand a saturated solution of tannic acid, and 

10 One other species of Pemcilhum, as indicated m the appendix, is able 
to develop upon a 10 per cent tapmc acid solution 
51 Loc ci! 
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the fact that both develop in moistened gall nuts, which contain per 
dry v eight CO per cent of tannic acid, is evidence that for these two 
organisms the tannic acid is not toxic 
Toxicity of tanmc acid for Aspergillus flavus and Aspergillus orijzae 
An experiment was conducted to determine the growth at various 
concentrations of tannic acid with and without 10 per cent cane 
sugar In one case tannic acid (Merck’s tested reagent) was 
added to solution B in the other, tannic acid + 10 per cent sugar 
was used Test-tube cultures with 15 cc of the solutions were em- 
ployed The results 111 general showed that these two fungi develop 
normally in the presence of 2 5 per cent tannic acid, but greater 
concentrations decrease the rate of germination and inhibit the 
growth In the 15 per cent concentrations of tannic acid, after 
nine days, only one-third of the surface was felted Up to 7 5 
per cent concentration the entire surface was felted 

Conclusion and discussion The experiments on the toxicity 
of tannic acid indicate that of ad the organisms tested, Asper- 
gillus niger and Pemcilhum sp ^ are best adapted for the tanmc 
acid fermentation These two organisms were, therefore, selected 
for more detailed investigation, though the other two organisms 
previously mentioned w ere also reserved for further study 
Since the above experiments were made, a bulletin has appeared 
on the toxicity of tannin by Cook and Taubenhaus 23 The major- 
ity of a large number of parasitic organisms tested by them with 
respect to the toxicity of tannin show retardation of growth at 
from 0 1 per cent to 0 8 per cent of tannin The few saprophytic 
forms tested exhibit a more marked resistance My own experi- 
ments indicate also that the saprophytic forms can withstand 
relatively higher concentrations of tannic acid than the parasitic 
forms 


” See appendix for description of this organism 

25 M T Cook and J J Taubenhaus The Relation of Parasitic hung! to 
the Contents of the Cells of the Host Plant, Delaware Agric Exp Station, 
Bulletin 91, 77 pp , 1911 
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V COMPARISON OP ORGANISMS AND INFLUENCE OF TIME AND 
GROWTH ON FERMENTATION 

Comparison of organisms Employing an infusion of gall nuts 
containing 10 5 per cent tannic acid, VanTieghem 24 found that the 
fermentation was completed by Aspergillus mger in six days and 
by Pcnicilhum glaucum in eight days, when the temperature of 
incubation was 35° and the supply of oxygen was limited by keep- 
ing the flask stoppered In the weaker concentrations, Penicilhum 
glaucum fermented the tannic acid more vigorously Since in 
VanTieghem’s experiments the temperature was rather high and 
the conditions of growth approached anaerobic conditions, it was 
believed that a better comparison could be made by supplying the 
optimum conditions for the growth of each In all the natural 
fermentations (in unsterilized solution) of the tannic acid, Asper- 
gillus mger always developed first and then Penicilhum sp 
So marked is this succession that by exposing a nutrient solution 
of 10 per cent tannic acid to the air a pure culture of Aspergillus 
mger may usually be obtained This suggests that Aspergillus 
mger may possess the greater fermentative capacity, but an experi- 
ment was required 

In the first experiment solution A and tannic acid were used, 50 cc of the 
solution being placed in Erlcnmeyer flasks of 150 cc capacity The flasks 
were sterilized for forty-five minutes at 115°, inoculated, and kept for two 
weeks at a temperature of from 18°-28°, the average being close to 24° 
The felts were then removed, thoroughly washed, and the wash water added 
to the culture solution, the solution being then brought up to 500 cc volume 
and analyzed according to Dreaper’s* 5 method The figures below are for 
Aspergillus mger, the averages of six oultures, while for Penicilhum sp 
the Averages of five cultures arc given 


TABLE I 


OROANTBM 

TANNIC ACID 
IN CULTURE 
SOLUTION 

LOBS IN 
TANNIC ACID 

OALL.C ACID 
IN CULTURE 
SOLUTION 

LOSS OP 
OALL1C ACID 

DRT 

VTE \ QHT Of 
rUNOUS 

Aspergillus mger 
Penicilhum sp 

Check 

Crams 

0 228 

0 332 

1 472 

crams 

1 244 

1 140 

Qrams 

0 200 

1 780 

2 952 

prams 

2 752 

1 172 

pram 

0 848 

0 537 


11 Lee cit 
11 hoc cii 
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The loss in gallic acid indicates that this substance is used by 
the organisms as a source of carbon, which fact agrees with the 
observations of VnnTieghem" G and Pottevin 27 According to Van- 
Tieghem, when growth occurs on the surface the tannic acid is uti- 
lized directly without previous conversion into gallic acid There 
is no evidence for this assumption If the tannic acid is not 
utilized directly, and it probably is not, then Aspergillus mger is 
a more vigorous fermentative organism than Penicilhum sp for 
in the Penicilhum culture more tannic acid remained and the 
decrease m gallic acid was only 39 per cent The larger gallic acid 
content of the Penicilhum culture is related to the smaller amount 
of growth and not to the greater practical efficiency as a fermenta- 
tive organism, and this point is more apparent from later work 
In table II there are given, separately, data for four of the 
Penicilhum cultures This table emphasizes a general relation 
between the amount of growth and the extent of fermentation 
furthermore, the disappearance of gallic acid is correlated with 
increased growth 


TABLE XI 


CULTURE 

NO 

TANNIC ACID 
IN CULTURE 
SOLUTION 

LOB9 IN 
TANNIC ACID 

OAT LTC ACID 

IN CULTURE 
SOLUTION 

LOSS IN 
GALLIC ACID 

WEIGHT OF 

r uno us 


Grama 

Grama 

grams 

grams 

gram 

Check 

1 472 


2 952 



1 

1 216 

0 156 

2 396 

0 556 

0 295 

2 


1 332 

2 240 


0 450 

3 

0 152 

1 320 

1 760 

1 192 

mmm 

4 

0 100 

1 372 

1 308 

1 644 

wSm 


Culture No 1 seems to indicate that the tannic acid transfor- 
mation is dependent upon the amount of growth, for only a small 
amount of tanrnc acid was transformed, but a greater growth 
during the same period m the other cultures resulted also in almost 
complete transformation 

Since the most economical production of gallic acid is dependent 
upon the amount of growth, and growth amount is a function of 
time, temperature, aeration, and nutrition, then these factors 
should be important Growth is emphasized because with it 

1 Loc cti 

57 Loc cii 
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the amount of the enzyme is probably correlated, at least with 
respect to Penicilhum sp 

Culture No 1 shows a small decrease in tannic acid and a high 
decrease m gallic acid In culture No 2 the loss of ta nni c acid 
is greater than loss of gallic acid The probable explanation is 
that P cmcilhum sp utilizes first the gallic acid and then transfor- 
mation of the tannic acid occurs In culture No 1 the smaller 
growth has been at the expense of tanmc acid It does not seem 
possible to demonstrate that tannic acid is not directly utilized but 
it seems probable that it must be converted into gallic acid 

Influence of duration and extent of growth and comparison of organ- 
isms In order to determine the yield of gallic acid at different 
intervals, and so to note the influence of growth and duration on 
the fermentation, an experiment was made as follows Solution 
B was used and to it were added 7 5 grams of Merck’s purified 
tanmc acid per 100 cc of solution The concentration of the 
tannic acid w as such that it came within the limits, as found by 
Van Tieghem,- 8 most favorable for Penicilhum. glaucum For the 
investigation 50 cc of the culture solution were placed in Erlenmeyer 
flasks of 150 cc capacity The cultures w r ere sterilized for fifteen 
minutes at 5 pounds' pressure and then inoculated according to the 
method described The cultures were kept in an incubator at 31° 
and, at intervals, as indicated, duplicate cultures w r ere taken for 
analyses The mycelium was removed by filtering with suction 
through the Gooch crucible, and it was then washed with warm 
water to dissolve all adhering gallic acid The solution was then 
brought up to 500 cc and analyzed according to the method of 
Jean :9 The results of the experiment are given in Table III 

In culture No 8 the amount of gallic acid decrease wms 0 126 
gram and the tannic acid decrease only 0 069 gram, recalling the 
case of No 1, table II Penicilhum sp , it seems, therefore util- 
izes the gallic acid first, and then the secretion of enzyme involves 
the transformation of the tanmc acid In all of the succeeding 
cultures the tanmc acid decrease is greater than the increase o 
gallic acid, and this is to be accounted for, again, not by a direct 
utilization of tanmc acid but by the fact that the tanmc aci > s 
first converted into gallic acid, and the constant increase o e 


5 Loc cit 
’ Loc at 
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TABLE III 


Organism, Ispcrgdlus mgcr 


\ 

cuLTunr vo 

DURATION 

TANNIC ACID 
IN CULTURE 
SOLUTION 1 

loss or 
TANNIC ACID 

GALLIC ACID 
IN CUITUHE 
BOLUTION 1 

LOSS 

OR GAIN OF | 
GALLIC ACID 

DRV 

l EIGHT OF 
FUNGUS 


days . 

prams 

: 

grams , 

grams | 

I pram * 

gram 

1 


0 750 

0 853 

2 584 

+0 484 

0 0314 

2 

G 

| 1 057 

0 546 

' 2 191 

+0 091 i 

0 15GS 

3 

' S 

0 252 

1 351 

1 814 

-0 286 

0 1946 

4 

1 10 

0 30G 

1 297 

1 001 

-0 499 

0 4688 

5 

I 12 

i 0 1G0 

1 1 443 

1 460 

-0 640 

0 4933 

6 

1 10 

1 0 159 

1 444 

1 406 

-0 694 

0 5137 

7 

I 2S 

0 

[ 1 603 

0 89S 

-1 202 

0 6345 

Check 


1 G03 

1 

| 2 100 




Organism , Pemcillium sp 



S 

4 

1 534 

0 069 

1 974 

-0 126 

0 0157 

q 

G 1 

1 330 

0 273 

2 191 

+0 091 

0 0800 

10 

8 

1 296 

0 305 

1 769 

-0 331 

0 1458 

11 

10 

l 0 750 

0 853 

1 669 

-0 431 

0 3031 

12 

12 

0 427 

1 176 

1 333 

-0 767 

0 3880 

13 

16 

0 597 

1 006 

1 530 

-0 670 

0 4096 

14 

28 

0 10G 

1 497 

1 277 

-0 823 , 

0 4284 


gallic acid prevents the utilization of the gallic acid from being 
made manifest 

If the Aspergillus niger and Pemcillium sp cultures are com 
pared, one finds that the tannic acid in the Aspergillus culture is 
transformed to the extent of 81 per cent by the tenth day, whereas 
m the Pemcillium cultures this transformation, for the correspond- 
ing time, is only 53 3 per cent of the tannic acid Moreover, bj 
the fourth day the gallic acid had increased m culture No 2 by 
nearly 0 5 gram, while in culture No 8, for a corresponding time, 
there was a decrease of gallic acid With this concentration and 
temperature, therefore, the Aspergillus niger is a more vigorous 
fermentative organism than Pemcillium sp 

If now the time factor and amount of growth be examined in 
their relation to the gallic acid, it is found that with the above 
solutions and under the specified conditions, the gallic acid de- 
creases after the sixth day and is utilized in the further metabolism 
of the organism 
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Comparison of fermentative capacity in an infusion of gall nuts 
For the investigation an extraction of the gall nuts was made as 
follow s 1800 grams of the Aleppo gall nuts were placed m one jar 
and the same quantity of Chinese nuts in another To each were 
added 3 liters of tap water, and the extraction was allowed to 
continue for five days, when the extract was filtered To each 
jar were added again 2 liters of water, and after one day the ex- 
tracts were filtered and combined with the previous filtrates Then 
the two extracts from the Chinese and Aleppo galls were mixed 
After a second filtration the solution was ready for the culture 
vessels For this purpose cultures were made in the usual way, 
using Erlenmeyer flasks of 150 cc , each, with 50 cc of the infusion 


TABLE IV 


CULTURE VO 

DOItATIO I 

TA? MC ACID 
IN CULTURE 
SOLUTION 

loss or 

(TANNIC ACID 

qall c acid 

IV CULTURE 
SOLUTION 

1 gain or 

GALLIC ACID 

| DRT 

WE OUT or 
FUMJU8 


dayt 

grams 

grams 

grams 

grams 

gram 

Check 


1 637 


1 797 





Aspergillus mger 




I 

4 

0 545 

1 092 

2 752 

0 955 


2 

6 

0 218 

1 419 

3 218 

1 421 

0 197 

3 

8 

0 

1 637 

2 500 

0 703 

0 262 

4 

12 

0 

1 037 

2 527 

0 730 

0 171 

5 

20 

0 20G 

1 431 

2 527 

0 730 

0 205 

G 

50 

0 

1 637 

2 527 

0 730 

0 148 


Penictlhum sp 


7 

4 

1 

330 

0 

307 

2 

050 

0 

253 

0 

043 

8 

6 

0 

545 

1 

092 

2 

627 

0 

730 

0 

1 57 

9 

8 

0 

409 

1 

128 

2 

387 

0 

590 

0 

110 

10 

12 

0 

034 

1 

603 

2 

471 

0 

674 

0 

171 

11 

20 

0 

0S5 

1 

552 

2 

457 

0 

660 

0 

117 

12 

56 

0 

152 

1 

415 

2 

247 

0 

° 1 
3 

0 

151 


A comparison of the two organisms, as regards their fermenta 
twe capacity, shows again that Aspergillus niger is a more efficient 
organism Note especially that m four days the Aspergillus cu 
tures exhibit an increase of gallic acid nearly four tunes as grea 
as that in the Pemcilhum cultures, and all of the tannic acid had 
been converted m the former by the eighth day , whi e in t e eni 
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cilhum cultures only 70 per cent was converted m the same time 
Not only does Aspergillus mger produce a more rapid fermenta- 
tion, but also a greater production of gallic acid is effected, for, 
as indicated, the maximum yield of gallic acid m the Aspergillus 
cultures is twice that in the Penicillium cultures, and this in spite 
of the fact that a greater weight of Aspergillus mger is produced 
Furthermore, m the Penicillium cultures there occurs a decrease 
of the gallic acid even when considerable tannic acid is still present 
in the culture solution 

In order to understand these differences between Aspergillus 
mger and Penicillium sp , the composition of the infusion must 
first be considered and an idea of this may be obtained from con- 
stituents of the gall nuts In addition to tannic acid, the gall 
nuts contain (Guibert 30 ) gallic acid, chlorophyll, starch, gums, 
sugar, proteins and various inorganic salts and other compounds 
A water extract of the gall nuts would contain in solution and 
suspension a certain amount of most of these substances, and the 
subsequent sterilization would probably result m transformations 
which would make certain of the orgamc compounds more avail- 
able 

Aspergillus mger is an omnivorous organism in its relation to 
the utilization of carbon compounds The growth of this organism 
for the first few days is probably at the expense of the other organic 
substances present, and the gallic acid, in this case, accumulates 
All the facts indicate that while Aspergillus mger is utilizing the 
organic compounds other than tannic acid, it secretes the enzyme 
tannase (this point will be further developed in a separate paper), 
and consequently the transformation of the tannic acid goes on, 
and gallic acid accumulates When the other organic compounds 
are exhausted, the gallic acid is utilized, and then the decrease 
begins As shown previously, Penicillium sp tends to utilize the 
gallic acid before it transforms the tannic acid, for gallic acid is a 
favorable nutrient carbon compound for this organism Further- 
more, as I will show in a later paper, the presence of the other or- 
ganic compounds may decrease the secretion of the enzyme tan- 
nase by Penicillium sp , and since the utilization of the gallic acid 
exceeds the formation of this substance, there results a decrease 


,0 Quoted from H Trimble loc cit 
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of the gallic acid despite the fact that tannic acid is present in the 
solution 

A comparison of tables III and IV is of interest The one 
experiment with a synthetic solution and the other with the infu- 
sion Mere conducted at the same time and under identical condi- 
tions as regards sterilization, inoculation and incubation More- 
over, the tannic acid and the gallic acid content of the culture 
solutions are nearly the same 

In table V, only the duration of experiment, decrease of tannic 
acid, the loss or gain of gallic acid and the dry w eights of the fungus 
produced, are included 

table v 


DURATION 

days 

Solution B + 1 G03 grams Tanmc 
Acid + 2 100 grams Galt ic Acid 

1 Ij^usiov of Gali Nuts 

Tanmc Acid =* 1 G27 craw3 
| Gallic Acid = 1 797 grams 

TitTemn OR GAIN OF 
TANNIC ACID OALLIC acid 

Crams gram 

DRV 

WEIGHT OF 
FUNGUS 

gram 

I LOSS OF GAIN OF 

. TANNIC ACID GALLIC ACII 

jj prams grams 

DRV 

| -ft EIGHT O 
T FUNGUS 

I gram 



Aspergillus mger 


N 


4 

0 753 

+0 484 

0 031 

1 092 

1 +0 955 


6 

0 546 

+0 091 

0 0156 

1 419 

+1 421 

0 197 

8 

1 351 

-0 286 

0 194 

1 637 

+0 703 

0 262 

12 

1 443 

-0 640 

0 493 

1 637 

1 +0 730 

0 171 

16 

1 444 

-0 694 j 

0 513 

1 



2 o ; 


1 


, 1 637 

1 +0 730 j 

0 14S 



Pcmcilhum sp 




4 

0 069 

-0 126 

0 015 

1 0 307 

+0 253 

0 043 

6 

0 273 

+0 091 

0 OSO 

1 092 

+0 760 

0 157 

8 

0 305 

-0 331 

0 145 

1 128 

+0 590 

0 110 

12 

1 176 

-0 767 

0 188 

1 603 

+0 674 

0 171 

16 

1 016 

-0 670 

0 4096 




20 




1 415 

+0 450 

0 151 


It is interesting to note that in the sj nthetic solution the gallic 
acid decreased after the eighth day, w hile in the gall nut infusion 
it showed at that time a marked increase, and this increase was 
maintained thereafter In the synthetic solution on the eig 
day there was a loss of 0 286 gram of gallic acid, while in t e ga 
nut infusion there was a gun of 0 703 gram of gallic aci , an 
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the latter the tannic acid was completely transformed The differ- 
ence m the amount of tannic acid transformed was not sufficient, 
lion ever, to account for the loss of gallic acid in the synthetic solu- 
tion and the marked increase m the infusion culture Despite the 
greater weight of the fungus this increase of gallic acid was more 
in the infusion culture A similar condition existed at the end of 
six days The explanation of this point seems to be found in the 
fact that the infusion cultures contain various organic compounds 
which are utilized in place of the gtlhc acid, that is, elected m 
preference At the end of four days probably none of the gallic 
acid has been assimilated The subsequent decrease in gallic 
acid was due to its use after the exhaustion of more favorable 
organic nutrients After the sixth day in the infusion culture there 
was no further grow th of the organisms and no decrease m the gallic 
acid The growth was less than one-half of that m the synthetic 
cultures, probably due to the lack of inorganic nutrients, although 
the presence of injurious metabolic products might also have been 
a factor, as the organic food supply^ w r as by no means exhausted 
The conditions which obtained for the Aspergillus niger cultures 
apply also to those of Pemcillium sp 
Another point of interest brought out by the comparison is 
the more rapid fermentation in the infusion than in the synthetic 
solution In the Aspergillus cultures the tannic acid was com- 
pletely transformed in the gall nut infusion by the eighth day, when 
the weight of the fungus vats 0 262 gram In the synthetic cul- 
tures transformation was not complete by the sixteenth day, when 
the weight of dry mycelium was 0 513 gram In the Pemcillium 
cultures, also, the results are comparable 

In another experiment in which a gall nut infusion was used 
containing 2 04 grams of tannic acid and 0 56 gram of gallic acid 
per 50 cc , at room temperature, there was maintained for thirty 
days an increase of gallic acid Practically^ all of the fermentation 
occurred before the eleventh day, and the gallic acid w r as protected 
by the other organic substances 

Since the experiments noth the infusion cultures indicated that 
the gallic acid was protected to a certain extent by the election 
of other organic substances, it was determined to try the addition 
of sugar to the culture solution wnth respect to its effect on the 
election of foods and hence on the yield of gallic acid 
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VI INFLUENCE OF THE ADDITION OF SUGAE 

Effect of 5 per cent sugar For these cultures solution A was 
used to which was added in the one senes tannic acid alone, and to 
the other, tannic acid and cane sugar Sugar was added at the 
rate of 5 grams per 100 cc of solution, and the amount of tannic 
acid is indicated by the check The cultures were made m liter 
flasks, and 500 cc of the solution were used for each The flask 
and contents were sterilized, inoculated and kept in the incubator 
at a temperature which varied from 27°-30°C The results of the 
experiment given in table VI are in all cases obtained from dupli- 
cate cultures 


CULTURE NO 

DURATION 

days 

Series 

TANNIC ACID joAILICACTD 

IN CULTURE ™ JlN CULTURE 

SOLUTION rANNlcAClD flOLUTION 

grains grams grams 

Sohtlion A -f tanmc aca 

GAIN 

OR LOSS OF 
GALLIC ACID 

grams 

1 

10 

4 568 

8 193 

11 095 

+6 867 

2 

20 

0 203 

12 558 

2 190 

-2 038 

3 

Check 

30 

0 050 
12 7G1 

12 711 

0 142 

4 228 

-4 086 

Series II Solution A + tanmc acid + cane sugar 

4 

10 

0 913 1 

11 848 

8 761 

+4 533 

5 

20 

0 812 

11 949 

3 904 j 

-0 324 

6 

30 

0 101 ' 

12 660 

0 143 i 

-4 085 

Check 


12 761 1 


4 228 1 



The results of the experiment seemed at first surprising Instead 
of getting a protective action of the sugar with respect to the gallic 
acid, and thereby an increased yield of gallic acid, the opposite 
condition seemed to result The yield of gallic acid was actually 
less at the end of ten days in the solution containing sugar than in 
the solution which lacked sugar, even though more of the tannic 
acid was transformed m the former At the end of twentv days 
more gallic acid was left m the cultures of series II than in the corre- 
sponding culture solutions of series I, and so a certain protective 
action of the sugar is evident At the end of thirty days practi- 
cally all of the tannic acid and gallic acid had disappeared from 
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the culture solutions In explanation of the seeming failure of the 
sugar to protect the gallic acid, the dry weights of felts produced 
m the corresponding cultures must be compared The weight of 
fungus produced m each culture of series II was, at the end of each 
period, at least three times as great as the weight of the correspond- 
ing cultures of series I This increased growth and the accompany- 
ing increased respiration were sufficient to utilize practically all 
of the organic nutrients supplied, usually all of the sugar and some 
of the gallic acid 

Effect of 10 per cent sugar Since negative results wereobtained 
as regards the protection of the gallic acid by 5 per cent sugar a 
new series of cultures was made with 10 per cent sugar in solution 
B to w hich was added the tannic acid required On analysis the 
solution showed after sterilization 4 171 grams of tannic acid and 
2 19S grams of gallic acid per 50 cc The cultures were incubated 
at a temperature of 2S°, though it dropped occasionally, owing to 
an imperfect thermostat, to 25° and rose likewise to 32° The 
cultures were taken down at definite intervals, the weight of the 
felts determined, and the analyses of the culture solutions made 
according to the methods previously described The results follow 
m table VII 

The protective action of the sugar is at once evident Since the 
concentration of tannic acid here is double that in the experiments 
which are included in table III, and therefore a comparison of the 
yields of gallic acid is not possible, yet the great increase of gallic 
acid and the maintenance of this increase prove that the sugar has 
been utilized m place of the gallic acid Here it is obviously not 
true that the greater the weight the less the gallic acid Cultures 
Nos 4, 5, 6 and 7 all vary m weight, yet the amount of gallic acid 
in each is approximately the same, and any difference may be 
due to the imperfect method of analysis Even at the expiration 
of thirty-five days no decrease of the gallic acid was evident It 
may be concluded, therefore, and further experiments prove, that 
the 10 per cent sugar protects the gallic acid 

While an increase of gallic acid is maintained m the Pemcillium 
cultures, the increase is relatively small and is due to a slower trans- 
formation of the tannic acid, practically no transformation of 
tannic acid occurred until after the fourteenth day Previous to 
this time the growth was entirely submersed, but afterwards fructi- 
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TABLE YU 


CULTURE 

NO 

DURATION 

days 

GALLIC ACID 

IN CULTURE BOLU- 
TION8 

prams 

INCREASE Or GAL- 
LIC ACID 

prams 

DRY WEIGHT OT 
FUNOUB 

gram 

Check 


2 198 





Aspergillus mger 


1 

3 

4 929 

2 731 

0 1579 

2 

c 

5 028 

2 830 

0 4093 

3 

8 

5 533 

3 335 

0 4135 

4 

14 

*6 320 

4 122 

0 5148 

5 


*6 320 

4 122 

0 4470 

6 

25 

*6 292 

4 094 

0 4820 

7 

35 | 

*6 34S 

4 150 

0 4986 



Penicillium sp 


8 

0 

2 190 

0 

0 0076 

9 

14 

2 261 

0 063 

0 332 

10 

20 

3 764 

1 574 

0 265 

11 

25 

3 764 

1 574 

lost 

12 

35 

t3 820 

1 630 

0 4515 

13 

50 

t4 101 

1 911 

0 5570 


• Transformation of tannic acid comploto 
t Consfdorablo tannic acid utlll left In culture solution 


fication occurred According to Malfitano 31 the secretion of the 
enzymes from Aspergillus occurs just after fructification, and it 
is possible to conclude that the lack of transformation is explain- 
able by non-secretion of the enzyme by the submersed growth 
VanTieghem, 32 however, found that transformation was effected 
when the growth was submersed, and some experiments of the 
writer subsequently confirm the fermentation by submersed 
growth The non-transformation is probably due to the inhibiting 
action of the sugar on the secretion of the enzyme tannase, but not 
on the formation of the enzyme, for subsequent experiments have 
shown that with 2 per cent tannic acid and 10 per cent sugar the 
enzyme is formed The inhibition of enzyme secretion by the 
presence of organic nutrients has been observed by Punewitsch 33 

« G Malfitano La proteolyze chez l'Aspergillus mger, Ann d I’Inst 
Pasteur, xiv, pp 00-81, 1900 

,J Loc cii , 

» K Punewitsch ITcber die Spaltung der Glycoside durch die Schim- 
nwlpilzc, Bcr d dcutsch bol Geselhch , xvi, pp 368-377, 1898 
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The transformation of salicm or arbutm was inhibited in the pres- 
ence of certain amounts of glucose, cane sugar or starch Like- 
wise Katz 34 found that Pemcilhum glaucum did not secrete the 
enzyme diastase when, along witkO 25 per cent soluble starch, either 
2 per cent glucose or 15 per cent cane sugar was offered Asper- 
gillus nxgcr was not influenced noticeably m the secretion of the 
tannase by the presence of the 10 per cent cane sugar, while the 
Pemcilhum sp was markedly influenced 
Another noteworthy fact in regard to the Pemcilhum sp is the 
small increase of gallic acid between the twentieth and thirty-fifth 
day It seems that the enzyme secreted was so very little, or of 
such feeble activity or destroyed, that a very limited transforma- 
tion only was effected Even at the end of fifty-six days the tannic 
acid was not entirely converted, and the increase of gallic acid after 
the end of thirty-five days was relatively small 
Influence of concentration of sugar on growth For an explana- 
tion of the protective action of 10 per cent sugar the following table 
is suggestive Each result is the average of sixteen cultures of 
Asperqillus niger 

TABLE VIII 


[ TORE 

NO 

1 

COMPOSITION OF NUTRIENT SOLUTION 

SUGAR 

IN CULTURE 
SOLUTION 

DRY WEIGHT 

OF FUNGUS 

1 

Check 50 cc sol A + trace Te Cljj 
+ 25 gms sugar 

per cent 

5 

grams 

0 779 

2 

50 co sol A + traceFeCk 
+ 8 55 gms sugar 

17 1 

1 239 

3 

50 cc sol A + trace Fe Cl 3 
+ 17 1 gms sugar 

1 

1 34 2 

1 513 

4 

50 cc sol A + trace Fe Ck 




+ 25 65 gms sugar 

51 3 

1 590 

5 

1 50 cc sol A + trace Fe Ck 

+ 37 00 gms sugar 1 

74 0 

1 308 

G 

1 50 cc sol A + trace Fe Cl 
| + 42 50 gms sugar | 

85 0 

1 230 


The table shows that the optimum sugar content is above 5 
per cent It is possible that the increased growth in the culture 
solution of over 10 per cent sugar is produced not by an assimi- 

54 J Katz Die regulatonsche Bildung von Diastase durch Pilze, Jahrb 
f wiss Bot , xxxi, pp 599-618, 1898 
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lation of more sugar but by a stimulus, the result of high concen- 
tration The table is offered here, however, only to indicate that 
with the nutrient solution used 5 per cent sugar is not sufficient 
for greatest growth It throws light also upon the failure of the 
5 per cent sugar to protect the gallic acid in the previous experi- 
ment 

VII ELECTION OF ORGANIC SUBSTANCES 

Historical VanTieghcm 3 stated that the glucose formed ns a result of 
tannic acid fermentation was utilized and the gallic acid left behind Pas 
teur demonstrated that Pcmcilliuin glaucum exhibited an election of the 
dextro-tartarie acid when both the dextro- and laevo-tartaric acids were 
present DuclauxV 6 observations revealed the fact that when Aspergillus 
mger was offered salts of butyric and acetic acid in a mixture, it first used 
the latter and then the butyric acid Furthermore, ho proved that this 
was not due to the better nutrient v aiue of acetic acid, for when the acetate 
was offered with the tartrate (an especially good nutrient) the acetate was 
utilized more rapidly The election then was not merely a matter of rela- 
tive food value 

Pfeffcr 37 found that under certain conditions the use of gljcerin by fungi 
may be protected by dextrose and even better by peptone, and he showed 
also that the relative concentration of each had nn effect upon the election 

Puriewitsch 38 found with two organisms an election with respect to the 
products of atnygdalin With this substance as the source of carbon it 
was first transformed, then the dextrose and lastly the benzaldehyde was 
used He found further that salicin was not transformed in the presence of 
Six times its quantitv of dextrose, twelve times its quantity of saccharose 
or fourteen to sixteen times its quantity of starch 

Election of cane sugar In order to determine definitely whether 
or not Aspergillus mger and Penicillmm sp elect cane sugar, when 
it is offered together with gallic acid, two series of cultures were 
made Solution B w as used, to w hieli w as added in the one case the 
gallic acid and 10 per cent of cane sugar, the cultures being made 
m Erlenmeyer flasks as before In a similar manner cultures 
were made in which the gallic acid alone was offered as the source 
of carbon Sterilization and inoculation were made by the usual 


n Loc ci l 

is-g PuClaux Sur la nutrition intraccllulmre, Ann dc l’ Inst 


Paslcur, 


in, pp 07-112, 1889 n.i 

>'\\ Plotter Ucber Election organischer Nahrstoffe, Jahrb J wiss do i, 


xxviu, pp 2fb-26S, 1895 
18 Loc at 
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methods, and the cultures incubated at 28° C The results ob- 
tained are included in table IX 


TABLE DC 


ORGANISM 

DURATION 

days 

GALLIC ACID 
IN CULTURE 
SOLUTION 

Crams 

GALLIC ACID 
USED 

prams 

DRT WEIGHT 
OP FUNGUS 

prams 

Seiues I Solution B + 10 per cent sugar + gallic acid 

Check 

Ml 

2 837 


m 

Aspergillus mger 


2 837 

none 

■ 

Pemcillium sp 


2 837 

none 

Emm 

Aspbrgillus mger 


2 837 

none 

■JIB 

Pemcillium sp 

K8 

2 837 

none 

KBS 

Series II Solution B + gallic acid 

Check 

■ - 1 

2 837 



Aspergillus mger 


2 429 

0 337 

0 1000 

Pemcillium sp 


2 837 

not detected 

0 010 

Aspergillus mger 

mm 

1 474 

1 363 

0 3434 

Pemcillium sp 

mm 

2 557 

0 280 

l 

0 108 


A glance at the table reveals the fact that both Pemcillium sp 
and Aspergillus mger elect cane sugar and leave behind m the culture 
solution the gallic acid Cane sugar is therefore proven conclu- 
sively to protect the gallic acid It is of interest to note that the 
addition of the sugar permits of a more rapid and more extensive 
growth during the ten-day period 

VIII INFLUENCE OF AERATION 

Limiting supply of oxygen VanTieghem 3 9 stated that under 
aerobic conditions the tannic acid was utilized directly, and that 
the small amount of gallic acid formed was also assimilated The 
preceding experiments and others of the writer, not here men- 
tioned, show that transformation of the tannic acid occurs even 
when all the growth is on the surface However, if sugar is not 
offered with the tannic acid, the increased growth may, as shown, 
be at the expense of the gallic acid formed If the tannic acid is 
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offered as the only source of carbon, the yield of gallic acid is 
obviously dependent upon the amount of growth Van Tieg- 
hern 40 found that 0 022 gram’s weight of mycelium transformed 
48 3 grams of tannic acid m ten days at 35° The growth is 
greatly diminished by the absence of oxygen, consequently the 
oxygen supply is a factor influencing the yield of galhc acid In 
order to compare the yield under aerobic and anaerobic conditions, 
another experiment was performed Solution B was used, to 
which was added tannic acid Into each of six Erlenmeyers of 
150 cc capacity were placed 50 ec of the solution Pour of the 
flasks were plugged with cotton, while the other two were fitted 
■with perforated rubber stoppers After sterilization the perfora- 
tiond were plugged with pieces of glass rod and these, together with 
two of the flasks plugged with cotton, were inoculated with Asper- 
gillus niger The flasks fitted with the rubber stoppers contained 
approximately 100 cc of air and therefore about 20 cc of oxygen 
The cultures were incubated at 31° and at the end of twenty-eight 
days and forty days analyses were made The results follow m 
table X 

table x 


CULTURE SOLUTION | 

, 

DURATION 

TANNIC ACID 
IN CULTURE 
SOLUTION 

i 

t LOSS OF 
tannic ACID 

OALLIC ACID, LOSS 

IN CULTURE 1 OR GAIN IN 
i SOLUTION 1 GALLIC ACID 

unr 

UEIOIITOF 
FI SOUS 

Anaerobic ! 

days | 


Qmtns ' 

grams 

grams \ 

gram 

(limited) 

40 

0 

1 003 

3 286 

+1 186 

0 118 

Aerobic 

Checi 

1 2S j 

0 

1 G03 

1 003 

0 898 

2 100 

-1 202 

0 634 


It is at once evident that the inhibition of growth due to defi- 
ciency of oxygen is favorable to a good yield of gallic acid No 
doubt if the culture m limited oxygen supply had been analyzed 
sooner a greater yield of galhc acid could have been obtained 
With respect to the condition in aerobic cultures it may be stated 
that cultures, identical with those above, showed on the fourth day 
a gam of 0 484 gram of galhc acid, though only half of the tannic 
acid had been transformed, and the weight of the mycelium pro- 
duced was 0 0314 gram 

Comparison of methods In order to determine more definitely 
the yield ot the gallic acid under conditions in which the supply of 
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oxygen varied, as well as to compare the yields under these condi- 
tions with that obtained when the most favorable conditions were 
offered, as by the addition of sugar, the following experiment was 
made 

Series I Solution B + tannic acid, flask plugged with cotton and aero- 
bic conditions maintained 

Series II Solution B + tannic acid -f- 10 per cent cane sugar, otherwise 
like the above 

Series III Solution B + tannic acid, flasks stoppered with rubber 
stoppers and containing therefore only 75 cc of air or approximately 15 cc 
of oxygen 

Series IV Solution B + tannic acid, flasks stoppered with perforated 
rubber stoppers, fitted with glass and rubber tubing and clamps The air 
was replaced by passing a stream of nitrogen (oxygen-free air) through 
the flasks for a period of five minutes aftpr inoculation had been made 

All the inoculations were made with spores of Aspergillus nxger, according 
to the method described by Hasselbnng 41 The temperature of incubation 
varied from 30°-35° Erlenmeyer flasks of 125 cc capacity were employed 
The results obtained are included in table XI 


TABLE XI 

Aspergillus niger Duration, ten days 


SERIES 

A.TMOS?nRRE ©F 
OBOWTH CHAMBER 

TANNIC ACID 
IN CULTURE 
SOLUTION 

1 

LOBS OP 1 
TANNIC ACID 

Gallic acid, 

IN CULTURE 
SOLUTION | 

Gain in 

GALLIC ACID 

DRT 

WEIGHT OF 
FUNGUS 



Crams 

l 

grams 

Crams 

crams j 

cram 

Check 


4 433 

! 

3 0S9 

i 


T 

Unlimited air 







supply 

0 409 

4 024 

5 618 

2 529 

0 3166 

II 

Unlimited air 







supply 

0 683 

3 760 

6 515 

3 426 

0 3341 

III 

75 cc air 

1 023 

3 410 

6 151 

3 062 

0 0114 

IV 

Nitrogen 

1 707 

2 726 

5 420 

2 331 

0 0013 


In comparing the rate of tannic acid transformation under the 
different conditions it is found that m the order of rapidity of 
transformation they are senes I to series IV The yield of gallic 
acid was greatest m series II, the addition of cane sugar in this 
case protecting the gallic acid, somewhat less in senes III, still 
less in senes I, where the mycelium was abundant, despite the 
fact that it led in the amount of tannic acid transformed, and last 
in senes IV It is noteworthy that the amount of mycelium pro^- 


41 Loc cat 
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duced m this last was only 1 3 mgm , yet sufficient of the enzyme 
was liberated to transform a quantity of tannic acid more than 
2000 times the weight of the mycelium produced 

From an economic standpoint the method of series I is wasteful 
of gallic acid, as the organism utilizes much of this substance m its 
metabolism Series II has an advantage over series III, and series 
III over series IV, only in the rapidity of the transformation 
The small amounts of growth m series III and IV require such a 
slight amount of gallic acid in their metabolism that the yield of 
gallic acid in those series would finally be practically equal to 
that obtained in series II, to the cultures of which sugar had been 
added This fact is borne out by the larger amounts of tannic acid 
left m the culture solutions of series II and series III 

IX SUMMARV 

1 Tannic acid is toxic to a large number of fungi at relatively 
low concentrations 

2 Aspergillus mger is a more vigorous fermentative organism 
than Pcmcillnim sp 

3 The fermentation was found to be more rapid m the gall 
nut infusion than m the synthetic solution m which tannic acid 
wa= the only source of carbon The presence of other organic 
compounds m the gall nut infusion protected to a certain extent 
the gallic acid 

4 The addition of 5 per cent sugar did not protect the gallic 
acid but simply increased the growth The addition of 10 per 
cent sugar protected the gall c acid entirely 

5 When gallic acid and cane sugar to the extent of 5 5 per cent 
and 10 per cent, respectively, were offered together, the cane sugar 
was elected and the gallic acid left in the culture solution 

G Fermentation can take place under anaerobic conditions, and 

1 mgm of mycelium is sufficient to effect the transformation of 

2 706 grams of tannic acid in ten days 

7 In an approximately 15 per cent solution of tannic acid, 
fermentation was most rapid when the tannic acid alone served as 
the source of carbon, and when aerobic conditions were mam- 
tamed, yet the method of fermentation is wasteful from the stan 
point of an economical yield of gallic acid 
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S The economical methods are (a) those in which growth occurs 
under aerobic conditions and the tannic acid is supplemented by 
cane sugar, or (b) those in which, with tannic acid alone, the sup- 
ply of o\j gen is limited to a small amount 

9 The presence of 10 per cent cane sugar does not inhibit the 
secretion of the enzyme tnnnase by Aspergillus mger, but it does 
seem to inhibit to some extent the secretion of the tannase by Pem- 
cillium sp 

10 The enzjmc is secreted into the culture solution by sub- 
mersed mycelium as is ell i-> In surface growth There is no evi- 
dence that tannic acid is used directly, but the evidence seems to 
indicate that tannic acid is first transformed mto gallic acid and the 
gallic acid then utilized 


APPENDIX 

Investigators prcviouslj occupied with tannic acid fermentation usually 
employed Aspergillus mger together u ith a species of Pemcillium which they 
have designated Pcmcilhum glaucum As has been pointed out by Thom 4 ’ 
the name Pcmcilhum gla ucum has m the past been applied to so many differ- 
ent species that the only idea conveyed by its use is a general concept of the 
genus VanTieghem 43 applied the name to denote the species of Pcmcilhum 
which he isolated from gall nuts, and it is probable that other students of 
tannic acid fermentation used the same organism 
In the work of the w riter a trial of a number of organisms was made and 
the Pemcillium employed was secured from a culture labeled Pcmcilhum 
ohvaccum That identification was incorrect, and then it was believed that 
the organism might be the one which develops on the gal! nuts, but this also 
proved erroneous, as is indicated subsequently 
In attempting to determine the Pcmcilhum sp used in these experiments 
it was found that the organism did not correspond to any of the species des- 
cribed by Thom 44 Instead, however, of withholding publication of these 
investigations until the organism should be definitely determined, it was 
thought best to present here a brief description and certain cultural charac- 
teristics of the organism It is, furthermore, the intention of the vv liter to 
make a study of the relation of the various species of Pemcillium to tannic 
acid fermentation, and it is hoped b> that time to hav e determined definitely 
the two species of Pemcillium which are now known to develop in a 10 per 
cent solution of tannic acid 

The Pcmcilhum sp used in these experiments possesses only a single 
whorl of unbranched comdi i-bearmg cells (sterigmnta), and might therefore 


’* Charles Thom Cultural Studies of Pemcillium, Bureau of Animal 
Industry, Bulletin 11S, pp 107, 1910 
4J Loc cit 
44 Loc cit 
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be grouped with the genus Citromyccs as founded by Wehmer, but Thom« 
does not consider this a valid basis for differentiation of genera, and 
prefers to include this form of comdiophore under the genus Penicillxum 
This latter concept is here followed 

Description of organism Colonies on 15 per cent gelatin are, when young, 
of a faint green color which changes to an otter brown On 15 per cent gela- 
tin + 3 per cent sugar the olive green changes to ashy gray and then to 
greenish black On bean agar the color is at first bluish green, and changes 
to dark olive green, and finally to a grayish color The surface is velvety 
The comdiophores arise -vertically from the substratum and in length vary 
from 100^ to 700/i The fructification averages 90/i in length (it maybe 200/0, 
and its width is approximately 15// The coniduferous cells average 10/i 
in length, the conidia are spherical, and 3 // in diameter A single whorl of 
simple conidia-bearmg cells only is present as is represented by figures 1 
and 2 



Fig 1 Fig 2 

Conidial fructification showing simple comdiferous cells (X 600) 

Cultural character At room temperature 15 per cent gelatin is liquified 
m six days with the production of a strong ammomacal odor, in the pres- 
ence of 3 per cent sugar the total liquefaction is retarded a day or more 
The presence of bean juice still longer delays the liquefaction of the gelatin 
On 15 per cent gelatin + 3 per cent sugar, the lower surface is colored yellow- 
ish to reddish brown, when grown in solution B + 10 per cent cane sugar the 
lower surface of the mycelial felt may be of a salmon color Fruiting on such 
a solution at room temperature usually requires eight days This organism 
possesses the ability to ferment tannic acid and with 10 per cent tannic 
acid in solution B at a temperature of 30°C , gallic acid mop be precipitated m 
about seven days 

Gall nut Penicillium Only one other species of Pemcillium has bo far 
been found to grow on 10 per cent tannic acid, and this is the one isolated 
ftom the gall nuts It grows more slowly m 10 per cent tanmc acfd In the 
presence of sugar it produces an intensely red color m the substratum and is 
a slon liquefier of gelatin It differs from the other also in possessing more 
than one whorl of coniduferous cells, and has other distinguishing features 
It appears to be Penicillium rugulosum 


" Lot at 
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EFFECT OF NUTRITION ON THE PRODUCTION OF THE ENZYME 

TANNASE 

Bi LEWIS KNTJDSOS 

( From the Laboratory of Plmit Physiology, Cornell University , Ithaca, \ ew 

York ) 

(Received for publication, January 30, 1913 ) 

I PREFACE 

In an investigation upon tannic acid fermentation reported m 
the previous paper, it was found that when cane sugar and tannic 
acid are offered simultaneously to either Aspeigillus mger or 
Penicilhum sp , the sugar is utilized as the source of carbon while 
the tannic acid is fermented, gallic acid resulting Some of the 
results indicated that the rate of fermentation was influenced bj 
the concentration of the sugar It was deemed important, there- 
fore, to determine if varying the relative amounts of tannic acid 
and sugar in the nutrient solution has an influence upon the amount 
of the enzyme tannase produced m the fungus thus grown Since 
tannic acid is probably not commonly utilized m nature by 
ispergtllus mger and Penicilhum sp as a source of carbon, experi- 
ments were also made to determine if the enzyme is produced v hen 
the fungus is cultivated on nutrient solution lacking tannic acid 

The iv nter wishes to acknowledge his indebtedness to Prof B M 
Duggar for assistance received during the course of the investiga- 
tion 

II INTRODUCTION 

Regulatory production of enzymes Historical A number of investiga- 
tions have been made on the regulatory formation of the enzymes, but for 
the most part conclusive investigations are lacking Experimenting with 
two species of bacillus, Brunton and 3IacFa3 r den‘ found that when culti- 

1 T Lauder Brunton and A MacFayden The Ferment Action of Bac- 
teria, Proc Roy Soc , xlvi, B, pp 543-553, 1899 
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vated on starch paste these developed the enzyme diastase, but if the 
starch were replaced by meat extract no diastase was formed Fermi* found 
that of ten bacterial organisms, which developed the -tryptic ferment m the 
presence of peptones or albumen, none developed the enzyme on a sugar- 
containing nutrient solution Wortman’s* observations established the 
fact that the addition of tartaric acid prevented the formation of diastase 
m bacteria which inhabited decaying potatoes Fermi and Montesano’s 4 
investigations indicated that the presence of sugar is not absolutely neces- 
sary for the formation of the enzyme invertnse Various other investi- 
gators have studied the influence of nutrition on the formation of enzymes 
m bacteria 

Dubourg 5 stated that a yeast which did not normally possess the invert- 
ing enzyme was capable of developing it by proper cultivation As a cul- 
ture solution in the latter case, yeast water was used, to which was added 5 
per cent cane sugar and 5 per cent grape sugar The yeast, after cultivation, 
was thoroughly washed and then transferred to a cane sugar solution 
In the latter inversion occurred The form of yeast was not an identified 
strain He reported that he was also able to develop the enzyme which 
fermented galactose by similar methods 

Klocker, 8 employing the methods of Dubourg, was unable to develop 
mvertase in Saccharomyccs aptculalus or maltase in Saccharomyces mam- 
anus which organisms do not normally possess these enzymes The abihty 
to form specific enzymes, according to Klocker, is therefore a constant char- 
acter of the j east organism 

Recently Harden and Nonas* “have trained" the yeast Saccharomyces 
Carlsbcrg I to ferment galactose by cultivating the yeast on hydrolyzed lac- 
tose m yeast water to which was added 0 15 per cent of monobasic potassium 
phosphate Normally galactose is not fermentable by the above men- 
tioned yeast According to Kohl 8 the chemical nature of the solution and 
the aeration of the culture influence the amount or activity of the enzyme 
formed in the yeast organism, while the temperature of storage of the yeast 
also markedly affects the enzyme content 

* Claudio Fermi Weitere Untersuchungen fiber tryptischen Enzyme 
der Mihroorgamsmen, Centralbl f Bad , x, pp 401-40S, 1891 

* J Wortman Untersuchungen fiber das diastatische Ferment der Bac- 
tenen, Zexlschr f physiol Ckem , vi, p 287, 1882 

1 C Fermi and C Montesano Die von den Mikroben bedingte Inver- 
sion des Ttohrzuckers, Cenlralbl f Bacl , l, Abt II, pp 482-87,542-55 

8 E Dubourg De la fermentation des saccharides, Compl rend de l Acad 
des Sci , cxxviii, pp 440-42 

‘Alb Klocker 1st die Enzymebildung bei der Alcoholgarungspilze 

era verwertbares Artmerkmal?, Centralbl / Bad , vi, Abt II, PP 

^XHarden and R V Noms The Fermentation of Galactose by Yeast 
Juice, Proc Roy Soc , Ixxxn, B, pp 645-49, 1910 
‘TO Kohl Die Hejpilze, 1908, pp 79-81 
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B(isgen® showed that Aspergillus oryzac on bouillon, as well as in a sugar- 
containing solution, formed the enzyme diastase According to Pfeffer, 10 
Panel Ilium glaucum did not secrete diastase in the presence of 10 per cent 
sugar and, even w hen onlj 1 5 per cent sugar was present, the starch u as only 
slightly attached Aspergillus niger behaved differently, producing dias- 
tase even in the presence of 30 per cent eane sugar Employing a nutrient 
solution containing 0 25 per cent of soluble starch Katz" found that starch 
was saccharified bj Pcmcilhum glaucum The addition of 2 per cent grape 
sugar or 1 5 per cent cane sugar prevented the formation of the diastase An 
addition of 1 5 per cent cane sugar depressed the formation of the diastase, 
while an addition of 0 05 per cent had no effect Lactose and maltose in a 
3 per cent concentration decreased the rate of starch transformation, while 
a 10 per cent concentration still further depressed the formation of diastase 
A 4 per cent addition of erythrodextrin had no effect whatsoever in protect- 
ing the starch Neither did a 10 per cent addition of quimc acid, 4 per cent 
glycerin or 2 per cent potassium tartrate have any effect upon the secre- 
tion of the diastase The addition of peptone to the solution increased the 
secretion of the diastase With Aspergillus niger the growth on starch 
nutrient solution lias slow, and fhe dajs were required for the transforma- 
tion of the starch The addition of 1 5 per cent cane sugar decreased the 
time to two days, 15 per cent sugar increased the time of transformation by 
one day and 30 per cent sugar increased the time by two days Bacterium 
megatherium behaved much the same as Pcmcilhum glaucum 

Dov. 1 * lias shown that the carbohydrate-splitting enzymes, amylase, 
inulasc, raffinase, sucrase, maltase and lactase are formed in Penicillium 
camembcrh, regardless of the carbohydrate which has served ns the source 
of carbon in the nutrient solution The amount of the particular enzyme 
could be increased, however, by cultivating the organism on the correspond- 
ing carbohydrate Likewise, other enzymes are formed independently of 
the presence in the nutrient solution of the corresponding substance on 
which the enzyme acts 

According to Went, 13 the ten enzymes which he investigated in Monilha 
sitophila could be divided into three groups according to the influence of 
nutrition on their formation The first group includes those which are 
formed in slight amounts regardless of the nutrition, the second group m- 

* M Busgen Aspergillus oryzae, Ber d dcutsch bot Gescllsch , 111 , pp 
66-77, 1885 

10 Quoted from It Green The Soluble Ferments and Fermentation, p 32 

11 J Katz Die regulatorische Bildung von Diastase durch Pilze, Jahrb 
f mss Bot , xx\i, pp 599-618, 1898 

*’ A W Dox The intracellular Enzymes of Penicillium and Aspergillus, 
U S Dept of Agric , Bureau of Animal Industry, Bulletin 120, 70 pp , 
1910 

13 F C Went Ueber den Einfluss der Nahrung auf die Enzymbildung 
durch Monilha Sitophila (Mont), Sacc , Jahrb f wiss Bot, wwi, pp 
611-664, 1901 
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eludes the enzymes which are formed only under several different forms of 
nutrition, while the third group includes such enzymes as are formed only 
when the substance on which the enzyme acts is present in the culture solu- 
tion 

Buthewitsch” also has shown that nutrition has an influence upon the 
secretion of the gelatin-dissolving enzyme by Aspergillus and Pcmcilhum 


III METHODS OP E\ PERIMENTATION 

In all of the experiments upon the influence of nutrition on the 
production of the enzyme the organisms were cultivated m a syn- 
thetic nutrient solution, the inorganic composition being that of 
Czapek’s 15 formula Throughout this paper the solution has been 
designated for convenience solution B and is as follows 


Magnesium sulphate (cryst ) 0 5 gram 

Dibasic potassium phosphate 1 0 gram 

Potassium chloride 0 5 gram 

Sodium nitrate 2 0 grams 

Distilled water 1000 cc 


All cultures were grown at a temperature of 28° or 30° The 
fungus felt, when formed and before spore production, was removed 
from the nutrient solution, as it has been shown by Malfitano 18 
that the most abundant secretion of enzymes into the culture solu- 
tion takes place just after spore formation The felt after removal 
was treated according to Albert and Buchner’s method for the pre- 
paration of “Acetondauerhefe,” as described by Dox, 17 though in 
the method here employed the felt was not run through a hashing 
machine After the mycelium was dry, it was pulvenzed in a 
mortar and then placed m a vial until its enzymatic activity was 
to be determined 

For determining the presence of the enzyme or the relative 


u\V Butkcv. itsch Umwandlung der Eiweisstoffe durch die mederen 
Pilzc lm Zusammenhange mit einer Bedingungen lhrer Entwickelung, 
Jahrb f wins Bot , xwvm, pp 147-240, 1903 
is Quoted from A W Dox The Intracellular Enzymes of Pemcillium 
and Vspergillus, U S Dept of Agnc , Bureau of Animal Industry, Bulletin 


de l’ Inst 


120, 70 pp ,1910 

16 Q Malfitano La proteolyse chez 1 Aspergillus niger, Ann 

Pasteur . xiv, pp 60-81, 1900 . 

u ^ w Dox The Intracellular Enzymes of Pemcillium and Aspergillu , 

loc ci! 
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amount of it present, the procedure was, as follows Either a 0 5 
per cent, a 0 75 per cent or a 1 0 per cent solution of tanmc acid 
was emploj ed To the flasks containing the solution were then 
added equal weights of the pulverized mycelium, the enzymatic 
activity of which was to be determined There was also added, 
as an antiseptic, 2 per cent toluene The flasks containing the 
solution and mycelium powder, being tightly stoppered, were then 
incubated for a definite period and then the solution analyzed for 
gallic acid according to Jean’s* 8 method The relative increase 
mthe gallic acid is taken as a measure of the amount of tannase pres- 
ent 

IV INFLUENCE OF CONCENTRATION OF SUGAR AND TANNIC ACID 
ON PRODUCTION OF TANNASE 

Influence of concentration of tannic acid on the amount of enzyme 
produced It was found in certain experiments, 19 in which 10 
per cent sugar plus tannic acid had been added to the nutrient 
solution, that the addition of sugar could not prevent the secre- 
tion of the enzyme tannase by Aspergillus niger, but the secretion 
b} Pemcillium sp was markedly decreased In order to deter- 
mine the minimum concentration of tanmc acid which would 
stimulate the formation of the enzyme tannase and also what 
influence the concentration of tannic acid would have upon the 
amount of tannase produced within the organism, the following 
experiment was made Solution B was used, to which was added 
10 per cent cane sugar Liter flasks were employed, and to each 
■were added 500 cc of the solution The flasks were plugged and 
sterilized, and when cool the tannic acid was added to each in vary- 
ing amounts, as is indicated m the table For inoculation the 
method described by Hasselbnng 20 was employed, though 1 cc 
of the spore-contaimng water was used instead of a single drop 
These cultures were incubated at 28°C , and the felt was then 
removed and treated according to the method described In 
determining the enzymatic activity of the mycelium powder 0 3 

18 F Jean Die Bestimmung des Tannins und der Gnllussaure, Chem 
Cenlralbl , 1900, pp 1107-0S 

19 L Knudson Tanmc acid Fermentation I, this Journal, xiv, p 159,1913 
0 H H Hasselbnng Carbon Assimilation of Pemcillium, Bol Gazelle, 

\lv, pp 176-193, 190S 
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gram of the dned powder was added to a flask containing the tan- 
nic acid solution Each flask contained 75 cc df an approximately 
0 9 per cent solution to which was added, as an antiseptic, 1 cc 
of toluene The results after one week’s incubation at 34° are 
given m table I The solution contained at the beginning of incu- 
bation 0 555 gram tannic acid and 0 327 gram gallic acid 

table i 


Effect of concentration of tannic acid on production of enzyme tannase, using 
nuincnl solution B 4* 10 per cent sugar + tannic acid Period of incuba- 
tion , 7 days * 



j AMOUNT OF 
TANMC ACIE 
ADDED 

GAIN 

IN GALLIC 
ACID 


AMOUNTOF 
iTANNIC ACIE 
ADDED 

GAIN 

J IN GALLIC 
ACID 

Aspergillus 
mger • 

per cent 

0 00 

0 01 

0 10 

0 #0 

1 00 

2 00 

4 00 

10 00 

10 00 | 

gram 

0 

0 

0 059 

0 223 

0 2"2 

0 388 

0 515 

0 515 

0 525 
No sugar 

| 

Penicillium sp « 

per cent 

0 01 

0 10 

0 40 

0 80 

1 00 

2 00 

4 00 



* Tho actual conccntrat Jon of-cach culture was approximately on!> two-tbJrds of the figurca 
£U en the other one-third consisting of gallic acid 


It is evident from the preceding table that there is a regulatory 
formation of the enzyme There is a progressive increase m the 
amount of tannase with increase of tannic acid in the culture solu- 
tion It is noteworthy that no tannase was produced when growth 
took place m a nutrient solution which lacked tannic acid Itis 
somewhat remarkable that the formation of enzyme could be 
stimulated by 0 1 per cent of tannic acid (actually about 0 066 per 
cent) when there was present at the same tune cane sugar in an 
amount more than one hundred tunes as great as the tanmc acid 
The stimulation bv this small amount of tanmc acid is even more 
surprising when previous experiments 21 are recalled m which the 
gallic acid formed from the tanmc acid was protected by the cane 
sugar, no determinable amount of the gallic acid being assimilated 


L Kmidson loc cit 
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Why the increase in concentration of tannic acid should increase 
the amount of tannase is difficult to explain The amount re- 
moved by the organism from the solution is undeterminable with 
the present method of analysis 

Is the stimulation produced within the cell, or is it caused by 
contact of the tannic acid with the plasma membrane? Tannic 
acid precipitates albuminous substances, and it might be possible 
that it reacts in this manner with the plasma membrane and this 
precipitation might be the stimulus for the production of the enzy- 
me This explanation would not, however, include the stimulation 
to production of the tannase by gallic acid 

A suggestive explanation for the increase of the tannase with 
increased concentration of the tannic acid is afforded by the work 
of Katz 22 In his experiments Katz found that diastase could be 
precipitated by tannic acid and rendered inactive, though when 
freed from the tannic acid by washing with alcohol it becomes 
active Bearing m mind this precipitation by tannic acid and 
working on the hypothesis that if the diastase formed and secreted 
into the culture solution were removed from solution more diastase 
ivould be formed, he added tannic acid to the culture solution, 
assuming that in this waj r there should be an increase m the quan- 
tity of the diastase formed In his experiment Katz actually 
found that the total quantity of enzyme formed (that secreted 
into the nutrient solution and that present in the fungus) was 
greater in the culture which contained 0 5 per cent tannic acid 
than m the control, the ratio of the diastatic activity being 143 to 
100 The results seem to confirm his hjqiothesis, but there are a 
number of factors which suggest another explanation of the results 
obtained In some previous experiments 23 of the writer it is 
noted that in the presence of 10 per cent sugar the tannic acid was 
fermented, and in table I, here reported, it is clear that even in 
the presence of only 0 1 per cent tannic acid the enzyme tannase is 
formed and in all probability secreted The tannic acid of the 
culture solution would, therefore, be fermented and rendered inac- 
tive as regards its capacity to precipitate the diastase liberated, 
and this condition doubtless occurred m the experiment of Katz 

23 J Katz Die regulatorische Bildung von Diastase rlurch Pilze, Jahrb 
f mss Bol , xxxi, pp 599-618, 1898 

J hoc cil 
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While a temporary precipitate of the diastase and tannic acid may 
exist, it is more reasonab'e to assume that the increase of diastase 
must be ascribed to some other cause Increased growth mav 
possibly occur, as a result of the addition of tannic acid, and with 
this may be correlated an increase of diastase 

A comparison of Aspergillus niger and Pemcilhum sp in the 
formation of the enzyme tannase is of interest because it affords 
a partial explanation of the relatively slower transformation of the 
tannic acid by Pemcilhum sp 24 In both cases the amount 
of tannase produced m a 01 per cent concentration of tanme 
acid is the same At 2 per cent concentration the amount of 
gallic acid, resulting from the action of the Aspergillus powder, 
■was 3 88 times the transformation effected by the Pemcilhum 
powder 

In the preceding experiment no attempt was made to determine 
the amount of enzyme secreted into the nutnent solution, and an 
experiment was required to determine this point as -well as to verify 
the preceding results The methods of experimentation were 
essentially the same as m the previous experiment except that 250 
cc Erlenmeyer flasks were employed with 100 cc of the nutri- 

TABLE 11 


Aspergillus niger 

Effect of concentration of tannic acid on the production of tannase, using 
solution B + 10 per cent cane sugar + tannic acid Average period of 
incubation for mycelial powder, sixty-four hours, for enzyme excreted, 
ninety hours 


AMOUNT 
TANNIC ACID 
ADDFD 


j ENZYME OF POW- ENZYME EXCRETED 
EIGHT OF FUNOU8 DERED MYCELIUM J aVEBaQE OF 2 
AVERAGE OF 2 AVERAGE OF 2 j INCREASE OF GAD- 

CULTURES I INCREASE OF GAlr- EJCACID 

LIC ACID • 


TOTAL INCREASE OF 

gallic acid 
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enf solution The tannic acid m all cases was added after the 
culture solutions had been sterilized The fungusmatwasremoved 
and treated as previously described, and for testing its tan- 
mse content 0 05 grain of the mycelium powder was added to 
50 cc of 1 per cent tannic acid solution, containing as an anti- 
septic 1 per cent toluene The experiments were all made m dupli- 
cate and one series of the solutions was incubated for forty-eight 
hours and the other for eighty hours 

After the fungus felts had been removed from the culture 
solution and the liquid filtered, alcohol was added to precipitate 
any enzyunes present, the precipitate being collected on filter 
paper The filter paper with whatever precipitates accompany- 
ing v ere then added to flasks containing the tannic acid solution 
After ninety -six hours’ incubation these solutions were analyzed 
for gallib acid The results obtained aie given in table II 

The results obtained verify the figures of the preceding table 
With an increase in concentration of tannic acid there is a corres- 
ponding increase in the amount of enzyme produced The excre- 
tion of enzy me into the culture solutions was evident only' in the 
cultures having a relatively' high percentage of tannic acid and at 
most the excretion was small 

Influence of concentration of sugar Since in the preceding exper- 
iments the amount of tannase produced per unit weight of the fun- 
gus varies with the concentration of the tannic acid, it seemed 
desirable to determine the effect of maintaining constant the tannic 
acid concentration while varying the concentration of the cane 
sugar In the first experiment duplicate cultures of Aspergillus 
mger were made m liter flasks containing 300 cc of solution B 
+ 2 per cent tannic acid ■+- varying amounts of sugar The myce- 
lial mats formed were removed, treated as before described and then 
tested for tannase activity' In measuring the activity of the tan- 
mse of each culture 100 cc of a 0 5 per cent tannic acid solution 
v ere employed to which was added 1 per cent toluene as an anti- 
septic To each flask was added 0 2 gram of the powdered myce- 
lium Incubation was given at 34°, and at the end of ninety' 
hours the solutions were analyzed for gallic acid In table III are 
given the results of the experiment The results are the averages 
of the two tests 

It is here clearly shown that v, ith increased concentration of 
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TABLE III 
Aspergillus niger 


Effect of concentration of sugar on production of tannase, using solution B + 
2 per cent tannic acid + cane sugar Period of incubation , ninety hours 


AMOUNT OF CANE 
BUOAR ADDED 

INCREASE OF GALLIC 

ACID I 

AMOUNT OF CANE 
SUGAR ADDED j 

INCREASE OF GALLIC 
ACID 

percent 

gram 

percent 

gram 

0 

0 224 

+12 

0 166 

+i 

0 206 

+16 

0 134 

+2 

+8 

0 206 

0 179 

+24 

0 130 


sugar, the tannic acid being maintained at a constant figure, there 
is a decrease m the amount of the enzyme produced 
In order to venfy the above results another experiment was 
made along substantially the same lines with Aspergillus niger 
To test the tannase activity of the dry mycelium 100 cc of a 0 5 
per cent tannic acid solution were used to which was added 1 per 
cent toluene In each case 0 05 gram of the powdered mycelium 
was employed The cultures were made in duplicate and the 
determinations likewise One set was incubated at 24°C for 
four days and the second set at the same temperature for six days 
before analyses were made for gallic acid In the following table 
there is given the composition of the nutrient solutions used and the 
increase in the galhc acid resulting, which increase of course is a 
measure of the tannase activity of the various cultures 

TABLE IV 
Aspergillus niger 

Effect of concentration of sugar on production of tannase, using solution 


B + 2 per cent tannic acid + cane sugar 


AMOUNT OF 
SUGAR ADDED 

drt WEIGHT OF 
FUNGUS 
AVERAGE OF 2 

INCREASE IN GAL- 
LIC ACID j 

4 DATS INCUBATION | 

; INCREASE IN GAL- 
LIC ACID 

6 DATS INCUBATION 

AVEB4.GE INCREASE 

percent 

gram 

gram - 

dram 

gram 

32 

0 158 

0 179 | 

0 179 

0 179 

16 

0 083 

0 270 

0 278 

0 274 

12 

0 074 

0 233 

0 270 

0 251 

8 

0 101 

0 270 

0 278 J 

0 274 

4 

i 0 093 

0 270 

1 

0 270 

2 

\ 0 065 

0 270 

0 296 

0 2S3 

06 

\ 0 074 

0 303 

0 332 j 

0 317 

6 

\ 0 035 

0 303 

0 368 1 

0 335 
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1 he results confiim the evidence of the preceding experiment, 
though the differences due to sugar concentration are notso marked 
Tin 15 may have been due to the longer period of incubation 

V INFLUENCE OF NUTRITION 

« 

Since Do\ has found in Pcnunlhum camemberh that the various 
enzymes are produced irrespective of the nutrition of the fungus, 
an experiment was made to determine definitely if the enzjme 
tannnse could be produced in two Pemcillium species when tannic 
acid is withheld from the culture solution Pemcillium sp , 
which I have previously described, 25 and Pemcillium rugulosum 
were employed in the experiment They were cultivated m 100 
cc of a nutrient solution which was composed on the one hand of 
solution B -f- 5 per cent sugar and, on the other, solution B + 5 
per cent sugar + 2 per cent tannic acid The mycelial felts, as 
before, w ere removed just before spore formation, treated as pre- 
viously described and pulverized For determining the presence 
of the enzyme tannase 100 cc of a 1 per cent tannic acid solution 
w ere used to which was added 2 per cent toluene as an antiseptic 
and 0 1 gram of the pulverized mycelium The solutions were 
incubated for twenty-eight days at a temperature of 33° They 
were then analyzed for increase in gallic acid All cultures and 
determinations were made in triplicate As is evident from the 
table tannase was formed only in the presence of tannic acid 


TABLE V 


ORGANISM 

COMPOSITION OF SOLUTION 

GALLIC ACID 
PRESENT 

a\iN 

1 

Pemcillium sp 

Solution B + 5 per cent sugar 

0 287 

0 

Pemcillium rugulosum 

Solution B + 5 per cent sugarj 

0 287 

0 

Pemcillium sp 

1 Solution B -f- 5 per cent sugarj 



1 

1 

-f- 2 per cent tannic acid 

0 822 

0 535 

Pemcillium rugulosum ! Solution B + 5 per cent sugar 

1 

1 


-f- 2 per cent tannic acid 

0 822 

0 535 

Check 1 


0 287 

0 


Experiments were next made to determine the influence of 
replacing the sugar by other compounds and of adding to the 
nutrient solution various reagents For this experiment solution 


5 Loc cit 
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A 26 was used, and as culture vessels liter flasks were employed 
Into each flask were placed 365 cc of the solution, and to it were 
added the sugar and other reagent, or the sugar was omitted and 
some other carbon compound substituted for it The solutions 
were sterilized, inoculated and incubated at a temperature of 28°C 
The fdlt was removed just before spore production and treated m 
the manner previously descnbed 
To determine the presence of tannase, 0 3 gram of the powdered, 
dried mycelium was introduced into 100 cc of a 0 75 per cent solu- 
tion of tannic acid, to which had been added as an antiseptic 2 
cc of chloroform After incubation at 31° for one week, the solu- 
tions were analyzed for gallic acid The results obtained are given 
m table VI 


table vr 
Penicillium sp 


COMrOBITION OF NUTRIENT SOLUTION 

1 Gallic acid 1 

j PRESENT | 

| GALLIC ACID 

1 INCREASE 

1 

Solution 44+25 grams cane sugar 

0 202 

0 

Solution A + 25 grams cane sugar 5 cc tj HC1 

0 202 

0 

Solution A + 15 grams corn starch 

0 208 1 

0 

Solution A + 25 grams glycerin 

0 202 ' 

0 

Solution A + 25 grams gallic acid 

0 370 | 

0 128 

Solution A + 25 grams tannic acid 

0 713 j 

0 511 


The control contained 0 202 gram gallic acid at the beginning 
and at the end of the incubation 

The gallic acid stimulated the formation of the enzyme only one- 
fourth as much as did the tannic acid Slight acidity had no 
effect m stimulating the production of the enzyme Glycerin 
and starch, both of which are relatively poor food compounds, 
were supplied, and if enzymes are stimulated to formation by con- 
ditions approaching starvation, as suggested by Wortman, 27 then 
the tannase should have developed, but the results were negative 
An experiment similar to that above was made with Asper- 
gillus mger, 400 cc of solution being used and the methods of exper- 
imentation the same as before The results obtained are as fol- 
lows 

5. KH1PO4 0 5 gram, KN0 3 , 1 gram, MgSo«, 0 25 giam, Distilled water, 

100 cc 

Loc cit 
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TABLE VII 


Aspergillus mgcr 


COMPOSITION OF MJTRIFVT SOLUTION 

GALLIC ACID 
PRESENT 

O ALLIC ACID 
INCREARF 

Solution A + 25 grams sugar 

0 209 

0 

Sulotion A + 25 grams sugar + 5 cc -nr HC1 
Solution A + 25 grams sugar + 5 grams gallic 

0 202 

0 

acid 

0 202 

0 

Solution A + 25 grams sugar + 2 grams resorcin 
Solution A + 25 grams sugar -f 1 grams hydro 

0 190 

0 

quinonc 

0 202 

0 

Solution A + 25 grams sugar -f- 5 grams peptone 

0 202 

0 

Solution A -f- 25 grams sugar tannic acid 

0 691 

0 489 


From the above table, it is evident that in Aspergillus niger 
there is a very marked regulatory formation of the enzyme Pep- 
tone, which stimulates the secretion of diastase, according to Katz 28 
has no influence m stimulating the formation of tannase Gallic 
acid of the strength used had no effect, which result is surprising 
in anew of the results indicated in table VI and of the further fact 
that Pottevin 29 found the enzyme tannase to be formed in Asper- 
gillus niger when the organism is cultivated in Rauhn’s solution 
with the sugar replaced by gallic acid Since pyrogallol is a de- 
composition product of tannic acid, it was thought that perhaps 
it might stimulate the formation of the enzyme, but the amounts 
used proved toxic in this particular experiment Resorcin and 
hydroqumone were both employed because of their constitutional 
similarity to pyrogallol, both being dihydroxybenzenes, while the 
pyrogallol is a tnhydroxybenzene Negative results, however, 
were obtained 

In a similar manner experiments were made in which 10 per cent 
cane sugar plus various other substances were added to solution A 
For the experiment 500 cc of the solution were used In deter- 
mining the presence of tannase, 0 2 gram of the powdered mycehum 
was added to 75 cc of a 0 9 per cent tannic acid solution to which 
had been added 2 per cent toluene as an antiseptic The results 
are given in table VIII 

28 Loc ni 

28 H Pottevin La tannase Diastase dddoublant l’acide gallotamque, 
Compl rend de VAcad dcs Sci , cxxxi, pp 1215-17, 1901 
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TABLE Vm 
Aspergillus niger 


COMPOSITION or NUTRIENT SOLUTION 

GALLIC ACID INCREASE 

Solution B + 10 per cent sugar + 35 mgm ZnSO, HjO 

None 

Solution B + 10 per cent sugar + 20 mgm salicylic acid 

None 

Solution B + 10 per cent sugar + 1 gram gallic acid 

None 

Solution B + 10 per cent sugar + 200 mgm methyl sail- 


cylatc 

None 

Solution B - f 10 per cent sugar ■+■ 200 mgm ethyl sail- 


cylatc 

None 

Solution B + 10 per cent sugar + 50 mgm methyl sail- 


cylate 

None 

Solution B + 10 per cent sugar + 50 mgm ethyl sail- 


late 

None 


Pottevin 30 states that tannase has the property of hydrolyzing 
methyl and ethyl salicylate In my cultures the methyl or ethyl 
salicylate did not incite the development of the enzyme The 
amount of salicylate present, however, was small These concen- 
trations may have been too weak to stimulate the production of 
the enzyme but probably the hydrolysis of these two substances is 
due to another enzyme Salicylic acid also was used because of 
its relation to gallic acid, salicylic acid being a monohydroxy- 
benzoic acid, while gallic acid is a tnhydroxybenzoic acid The 
former was necessarily used at a very low concentration, and was 
without effect The zinc sulphate was used at a concentration 
which is stimulating to the fungus growth, as shown by Richards/' 
but no formation of the tannase resulted 
Since m some of the experiments tannase was not produced 
when the organism was grown in a solution with the carbon sup- 
plied as cane sugar and gallic acid, an experiment was made with 
the carbon supplied only as gallic acid At the same time experi- 
ments were made to determine the influence of certain glucosides 
Solution B was used, and 500 cc of it placed in each of three Wer 
flasks These were plugged and sterilization made at 115 for 
ten minutes To each of the three flasks was added gallic acid, 
amygdalm and sahem, respectively, and the culture solutions 

us\f Richards Die Beeinflussung des Wachstums einiger Pilze durch 
chcrfnsche Reize, Jahrb / anss Bol , xxx, pp 665-88 
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then inoculated The growth in gallic acid was rapid, but not 
heavy In the solutions m which the glucosides were present, 
growth was at first very slow, but after the transformation of the 
glucosides had begun, growth was rapid While it required eight 
days to develop the first felts m the two glucoside solutions, the 
second felts (after the removal of the first) developed m two days 
The felts first formed were removed and treated according to the 
methods previously described, and the powdered mycelium then 
added to 100 cc of a 0 90 per cent solution of tannic acid which 
contained also 2 per cent of toluene After incubating two days 
at 40°C , the solutions were analyzed for gallic acid The composi- 
tion of the nutrient solutions and the gallic acid formed by the 
powdered mycelium are given in table IX 


TABLE IX 
Aspergillus mger 


COMPOSITION or NUTRIENT SOLUTION 

QALLIC ACID 
PRESENT 

GALLIC ACID 
INCREASE 

Solution B 500 cc + 10 grams gallic acid 

0 546 

0 219 

Solution B 500 cc + 10 grams salicm 

0 327 

0 

Solution B 500 cc + 2 grams amygdalin 

0 327 

0 


The control contained 0 327 gram gallic acid and 0 555 gram 
tannic acid 

In preceding tables it has been seen that gallic acid at certain 
concentration in the presence of 10 per cent sugar does not stimu- 
late the formation of the enzyme tannase When gallic acid is 
present alone as the source of carbon, the enzyme is produced 
If tannic acid is a glucoside, it might be expected that the presence 
of another glucoside would stimulate the production of some tan- 
nase, but such was not the case Nevertheless, glucosides were 
transformed by the organism While the gallic acid stimulates the 
formation of the enzyme tannase, it does not do so as effectively 
as the tannic acid 

VT EFFECT OF CONCENTRATION OF GALLIC ACID ON PRODUCTION OF 

TANNASE 

Since the amount of tannase produced is regulated by the relative 
concentrations of sugar and tannic acid it was deemed important 
to determine if the amount of the tannase produced could be in- 
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creased by increasing the concentration of the gallic acid In 
the experiment, the results of which are given in table X, the usual 
methods were followed Erlenmeyer flasks of 250 cc capacity 
were used and 100 cc of the nutrient solution For determining 
the tannase activity of the various cultures 0 05 gram of the dried 
ntycchum was added to 50 cc of 1 per cent tanmc acid solution 
and the solutions incubated for forty-eight and eighty hours respec- 
tively at a temperature of 30° The culture solutions were tested 
for their tannase content by precipitating any enzyme present with 
alcohol and collecting on a filter any precipitate The test for the 
enzyme was made as before Incubation was made at a tempera- 
ture of 30° for ninety hours The results in table X are the aver- 
ages of two cultures 

TABLE X 
Aspergillus mger 

Effect of concentration of gallic acid on the production of tannase Average 
period of incubation for mycelial powder 64 hours and for enzyme excreted 
90 hours 


conrosiriov of n utrient 

SOLUTION 

•Vt EIGHT OF 

Fungus a\ of 
2 CULTURES 

1 INCREASE IV GALLIC ACID 

Mycelium 

Av of 2 

Enzyme ex 
creted Av of 2 

Total Increase 
!j In gallic acid 


gram 

| gram 


j gram 

Solution B +10 pen 





cent sugar + 01 per. 


i 


1 

cent gallic acid | 

0 240 

o 

0 

0 

Solution B + 10 pen 


1 



cent sugar + 05 per 


1 i 



cent gallic acid | 

0 442 

0 024 I 

0 

0 024 

Solution jB + 10 peri 


| 

I 


cent sugar + 10 pcr| 


1 

1 


cent gallic acid , 

0 324 

0 045 j 

0 

0 045 

Solution B + 10 perj 



1 


cent sugar +15 per. 


j 



cent gallic acid j 

0 280 

0 046 ! 

0 1 

f 

0 016 


An examination of the above table reveals the fact that the 
enzyme tannase is produced when the concentration of gallic acid 
is 0 5 per cent m the presence of 10 per cent sugar At a concen- 
tration of 10 per cent gallic acid m the presence of 10 per cent 
sugar the amount of tannase produced is double that produced 
when only 0 5 per cent gallic acid is present In the presence of 
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10 per cent sugar the gallic acid, so far as my previous results 32 
sliov , is not at all absorbed from the nutrient solution hj 
the increase m gallic acid should increase the amount of tannase 
produced is therefore difficult to explain The writer is not pre- 
pared at present to offer an explanation 

VII SUMMARY 

1 There is a progressive increase of tannase m the two organ- 
isms Aspergillus mgcr and Pemcilhum sp with increased concen- 
tration of tannic acid in Czapek’s solution contaimng 10 per cent 
sugar 

2 In a full nutrient solution containing, as a source of carbon, 
2 per cent tannic acid, the addition of cane sugar decreases the 
quantity of the tannase produced by the organism The higher 
the concentration of sugar the lower the quantity of tannase pro- 
duced 

3 Aspergillus mgcr produces more tannase or a more active tan- 
nase per umt weight than Pemcilhum sp 

4 The production of tannase in Aspergillus mger, Pemcilhum 
sp and Pemcilhum rugulosum is stimulated by tannic acid and 
gallic acid, only, and the former is more effective than the latter 

5 There is a progressive increase of tannase in Aspergillus mger 
with increased concentration of gallic acid in a nutrient solution 
containing 10 per cent sugar 

VIII DISCUSSION 

Dox 33 in his excellent paper makes the following statement “There is 
no evidence that enzymes not normally formed by the organism in demon- 
strable quantities can be developed by special methods in nutrition The 
influence of adding a particular substance to the medium is, therefore, not 
to develop an entirely new enzyme, but to stimulate the production of 
an existing enzyme, which is normally formed under all conditions ” In 
the light of Dox’s results it seems somewhat surprising that the enzyme 
tannase should be formed only under special nutrition It may be as Do\ 3J 

3 Loc cil 

33 A W Do\- The Intracellular Enzymes of Pemcilhum and Aspergillus, 
loc Cll 

34 A w Dox Enzyme Studies of Lower Fungi, Plant World, xv, pp 40-43, 
1912 
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has stated concerning my work that the formation of the enzyme tannase 
is an exception to the general rule The work of other in\ estigators previ- 
ously mentioned has indicated, however, that the production of certain 
enzy mes in other organisms is governed entirely by the character of the 
nutrition 

Do\” has considered only the influence of external environment upon the 
formation of the enzymes It is to be expected that protease, lipase, nuc- 
lease, inulnse and perhaps some of the other enzymes would be produced 
because the substances which they transform are present in the mycelium 
If the action of an enzyme is reversible and they are synthesizing agents, 
then the question arises “can the products of the decomposition induce 
the formation of enzyme’” In my experiments the only substance besides 
tannic acid capable of inducing the formation of the tannase is gallic acid, 
which is a decomposition product of tannic acid 

Might it be possible that all of the enzymes are produced only in response 
to the influence of the zymolyte or to the products of its decomposition 
present either in the nutrient solut on or in the mycelium’ There is a con- 
siderable amount of evidence indicating that one or the other is alwajs pres- 
ent, but there is also evidence that certain enzymes are seemingly produced 
in the entire absence of the zymolyte or the products of its decomposition 
The whole problem is a complex one and requires lin cstigation 


is Enzyme Studies of Lower Fungi, loc cil 



METHOD OF PREPARING ASH-FREE CASEIN AND 

PARACASEIN 

B\ LUCIUS L VAN SLYKE and ALFRED W BOSWORTH 

( From the Chemical Laboratory of the New York. Stale Agricultural 
Experiment Station, Geneva, NY) 

(Received for publication, February 4, 1913 ) 

Casern or paracasein that is to be used m studying the relations 
of these compounds to mineral bases must be free from all such 
bases The preparation of casein or paracasein really ash-free is 
much more difficult than has been commonly assumed The so- 
called chemically pure casein furnished by chemical supply houses 
usualh contains as much as 0 6 per cent of ash The preparations 
used m various investigations in which the ash content has been 
reported rarely contain less than 0 2 per cent of ash and not infie- 
quently more than 0 5 per cent 

The principal basic element in casein or paracasein preparations, 
as usually made, is calcium, and its presence is frequently due 
to the existence of a compound of calcium and casein contaimng 
0 22 per cent Ca (equal to 0 31 per cent CaO) or, in case of para- 
casein, double this amount of Ca, as we shall show in another paper 
(this Journal, p 223) These salts of casein and paracasein are 
insoluble in water but easily soluble in a 5 per cent solution of 
NaCl, while base-free casein and paracasein are insoluble both in 
water and in the brine solution 

When casein or paracasein is carefully precipitated by dilute 
acids from milk or from their lime-water solutions, the precipitate 
is apt to contain more or less of the above-mentioned caseinate or 
paracaseinate in addition to base-free protein The precipitation 
of such calcium salts occurs most readily when the usual precau- 
tions in precipitating casein or paracasein from milk are most 
rigidly observed, that is, when excess of acid is avoided We have 
examined casein preparations obtained from chemical supply 
houses and have found that some of them are soluble in 5 per cent 
solution of NaCl to the extent of 50 per cent or more of their weight 
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PREPARATION or ASH-FREE CASEIN 

After trying different methods of preparing casein so as to 
contain a minimum amount of calcium, we have obtained the most 
satisfactory results by the method described below We have 
been able to prepare casein containing only 0 06 per cent of ash, 
consisting largely of calcium phosphate, derived from the trace of 
calcium not removed and the phosphorus of the casein molecule 
The amount of calcium present m 5 grams of such material was too 
small to determine quantitatively 

Our method of preparation is to dilute separator skim-milk 
with seven or eight times its volume of distilled water and care- 
fully add dilute acetic acid (6 cc of glacial acetic acid diluted to 1 
liter) until the casein separates completely, after which the clear 
solution is remoaed by siphon as soon as the precipitate settles 
Distilled water is then added, the mixture stirred vigorously and 
the precipitate allowed to settle, after which the wash water is 
siphoned off Water is again added and the casein is dissolved 
by adding, for each liter of milk used, 1 liter of dilute NH 4 OH (6 cc 
of strong reagent diluted to 1 liter) Wien the solution is com- 
plete, the w hole is filtered through a thick layer of absorbent cotton 
The casein is then precipitated again wath dilute acetic acid, the 
precipitate is allow ed to settle, and is then vmshed, redissolved in 
dilute N Id 4 OH and filtered, the process of precipitation, washing, 
dissolving, etc , being repeated not less than four times Finally 
an excess of strong NH 4 OH (10 cc ) is added and then, 20 cc of 
saturated solution of ammonium oxalate The mixture is allowed 
to stand tw elve hours or more Calcium is precipitated as oxalate 
in very finely divided condition, too fine to permit its satisfactory 
removal by r ordinary methods of filtration Better aggregation 
of the precipitate can, however, be effected by means of centrifugal 
force The centrifuged mixture is then filtered through double 
thickness of filter paper The filtered solution is next treated with 
dilute HC1 (10 cc HC1, sp gr 1 20, diluted to 1 liter) until the 
casein is precipitated The precipitate is wmshed wath distilled 
water until free from chloride and is then placed on a hardened fil- 
ter paper m a Buchner funnel, as much water as possible being now 
removed by suction The mass is next transferred to a large 
mortar and thoroughly triturated wath 95 per cent alcohol The 
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alcohol is then removed by suction on n Buchner funnel and the 
casern is then again placed in a mortar and triturated with absolute 
alcohol Most of the alcohol is removed and the casein treated 
twice with ether in a mortar by trituration, the ether being removed 
each time by means of suction on a Buchner funnel The matenal 
is then placed m a large evaporating dish and spread out m a layer 
is thin as possible, it is allowed to stand twelve hours or more in a 
warm place The material is finally ground in a mortar until the 
particles pass a 40-mesh sieve and is dried for two days over 
H2SO4 in a desiccator under diminished pressure 

Three preparations made in this way were found to show an ash 
content of 0 10,0 09 and 0 06 per cent, respectively These prep- 
arations v r ere insoluble m water and in 50 per cent alcohol, the 
first one was very slightly soluble in a 5 per cent solution of NaCl, 
but the tw r o others were not 

When 1 gram of these casein preparations was treated with 10 
cc of NH4OH, NaOH or KOH and 90 cc of water, a clear solu- 
tion w as obtained, the casein dissolving completely When to this 
solution a minute amount of a solution of a salt of barium, strontium 
or calcium was added, there developed promptly the opalescent 
appearance characteristic of casein solutions under such conditions 

Casein prepared in the manner described was analyzed with the 
following results Moisture, 1 09 per cent In the dry substance 
Ash, 0 06, C, 53 50, H, 7 13, N, 15 80, P, 0 71, S, 0 72, O (by dif- 
ference), 22 08 per cent 

PREPARATION OF ASH-FREE PARACASEIN 

Separator skim milk was heated to 37°C and rennet extract 
(Hansen’s) was added m the proportion of 0 12 cc per 1000 cc 
of milk The mixture was allowed to stand until the precipitated 
paracasemate had separated as completely as possible The result- 
ing curd was then stirred vigorously m order to break it into small 
pieces and hasten the separation of wdiey When the curd had 
settled, the supernatant whey was removed by siphon The para- 
casemate was washed with distilled water several times and finally 
5 liters of water added for each liter of milk originally used Dilute 
NH4OH (6 cc of strong reagent diluted to 1000 cc ) was then 
added, as m the case of preparation of casein described above, and 
the mixture stirred until the paracasemate was dissolved 
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process of leprecipitatmg, washing and redissolving was continued 
as m the case of casein, the remaining calcium was finally separated 
by addition of ammonium oxalate and centrifuging as descnbed 
above 

One preparation made in this way contained 0 07 per cent of ash 
One gram gave a clear solution when dissolved m 10 cc of & 
NH4OH and 90 cc of water 

One preparation, with a high ash content, gave the following 
results when analyzed Moisture, 1 63 per cent In the dry sub- 
stance, ash, 0 Gl, C, 53 50, H, 7 26, N, 15 80, P, 0 83, S, 0 87 , 0 
(by difference), 21 13 

Another preparation v ith exceptionally low ash content gave 
the following results Ash, 0 07, phosphorus, 0 71, sulphur, 
0 72 per cent 

SUMMAR1 

Ash-free casein and paracasein are prepared by alternate precip- 
itation with dilute acida nd solution with dilute NH4OII several 
times, the last portion of calcium being removed by precipitation 
with ammonium oxalate, after which the protein is precipitated 
with dilute acid and purified by treatment with water, alcohol and 
ether, being finally dried over H 2 SO< under reduced pressure 



PREPARATION AND COMPOSITION OF BASIC CALCIUM 
CASEINATE AND PARACASEINATE 

B\ ALFRED W BOSWORTH \\d LUCIUS L VAN SLYKE 

( From the Chemical Laboratory of the New York Slate Agricultural Experiment 
Station, Geneva, NY) 

(Received for publication, February 4, 1913 ) 

The compound commonly known as basic calcium caseinate 
contains the largest amount of calcium m combination with casein 
This is the compound that has been most frequently prepared and 
studied by investigators, beginning with Soldner 1 Varying results 
have been obtained by different workers, the percentage of Ca 
varying from 1 G6 to 2 13 per cent (equal to 2 32 to 2 98 per cent 
CaO) 

This compound can be prepared m two different ways (1) By 
decomposing CaC0 3 with casein and (2) by treating casein with a 
solution of Ca(OH) 2 (lime-water) 

Preparation of basic calcium, caseinate by treating casein with CaC0 3 

When casein is treated with CaC0 3 , the results of the reaction 
can be measured in two ways (1) By weighing the C0 2 displaced 
and (2) by determining the amount of Ca in the resulting com- 
pound Both methods were employed by us 

Ash-free casein prepared in the manner described in the previous 
article was placed m the flask of a Rnorr C0 2 apparatus and an 
excess of CaC0 3 suspended in water was added The C0 2 formed 
in the reaction was run into weighed bulbs containing KOH, and 
the increase of weight due to C0 2 determined at the end of the 
reaction The results are given in Table I 

For the purpose of measuring the results of the reaction by deter- 
mining the amount of Ca in the resulting compound, the casein 
was placed in a mortar and thoroughly triturated with an excess 

1 Landw Versuchsstat , xxxv, p 351, 1888 
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TABLE I 


Amounts of CO, expelled from CaCOj by casein 


AMOUNT or DltT CASEIN USED 

grams 

10 

10 

5 

5 


Average 


AMOUNT OF COt EXPELLED 


prams 

0 1900 
0 1980 
0 1054 
0 1003 


CaO (and Ca) FOR 100 GRAMS 
OF CASEIN EQUIVALENT 
TO CO: 


grama 

2 42 (1 73 Ca) 
2 52 (1 80 Ca) 
2 68 (1 91 Ca) 
2 55 (1 81 Ca) 


2 54 (1 81 Ca) 


of moist CaC0 3 , the excess being removed by filtration at the end 
of the reaction The filtrate was treated with 95 per cent alcohol, 
which was acid-free, until the calcium caseinate was precipitated, 
after which the precipitate was washed with alcohol and ether and 
dried at 120°C A weighed portion of this compound was cafe- 
fully ignited and the Ca in the resulting ash was determined, 
with the following results 


TABLE II 


1 mount of Ca combining with casein when reacting with CaCOs 


WEionT OF CABEINATr 

| WEIOHTOP 

j CaO 

V> EIGnT OP 
Ca 

WEtanT or 

FREE CAflEIN 

CaO (and Ca) roR 
100 CRAMS OFCABEC. 

prams 

prams 

prams 

prams 

grams 

0 4125 

0 0102 

0 0073 

0 4052 

2 52 (1 80 Ca) 

0 5134 

0 0124 

0 OOS9 

0 5045 

2 46 (1 76 Ca) 

0 3090 

0 0077 

0 00.55 

0 3035 

2 54 (1 81 Co) 

0 4253 

0 0104 

0 0074 

0 4179 

2 49 (1 77 Ca) 

1 

Average 0 1 1*305 i 

0 010175 

0 00726 

0 4078 j 

2 50 (1 78 Co) 


Preparation of basic calcium caseinale by treaiing casein tenth an 
excess of Ca{OH)g 

Weighed portions of casein were dissolved m an excess of 
Ca(OIi) 2 solution Phenolphthalem indicator was then added to 
the solution and HC1 was run m until the solution became neutral 
The solution was then dialyzed to remove the CaCl 2 formed m 
neutralization The dialyzed solution was evaporated to dryness, 
the residue dried at 120°C and weighed The determination of 
Ca xv as made, after ignition, with the following results 
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TABLE III 

Amount of Ca combining with casein on treatment with Ca(OH) 3 


W EiailT or C \8E1N VTE 

. 

w Eianr or 
CaO 

\l EIGHT OF 

Ca 

WEIGHT OP 
FREE CASEIN | 

CaO (and Ca) for 
IOOqrams of casein 

grams 

grams 

grams 

j grams 

grams 

1 5S2 

0 040 

0 02SG 

j 1 5534 

2 58 (1 84 Ca) 

1 471 

0 035 

| 0 0250 

1 44 GO 

2 42 (1 73 Ca) 

1 54S 

0 03S 

0 0271 

1 5209 

2 50 (1 78 Ca) 

Average 1 534 

0 0377 

0 02G9 

1 5070 

2 SO (1 78 Ca) 


The three sets of figures presented in tables I, II and III indicate 
that casein combines with Ca to form a compound containing about 
2 50 per cent of CaO (equal to 1 78 per cent of Ca), the compound 
in solution is neutral to phenolphthalein Expressed m another 
form, 1 gram of casein combines with 9 X 10-' gram equivalents 
of Ca 

Composition of basic calcium paracaseinate 

Like casein, paracasein mamfests its acid character by its power 
to liberate C0 2 from CaC0 3 , forming a calcium paracaseinate 
The results of the reaction were measured by us, m the manner 
described above, m the case of casein The average of many 
determinations indicates that paracasein unites with Ca to form a 
paracaseinate which is neutral to phenolphthalein and has the same 
general composition as the caseinate 

SUJIMAKY 

Basic calcium caseinate and paracaseinate are prepared (a) by 
treating the ash-free protein with CaCOj and (b) by dissolving 
protein m Ca(OH )2 and neutralizing to phenolphthalein with 
HC1 In the first reaction, the amount of CO» displaced by the 
protein was determined and also the amount of Ca in the compound 
resulting In the second reaction, the resulting compound was 
isolated, purified and its Ca content determined The different 
sets of determinations agree m showing the compound to contain 
about 2 50 per cent of CaO (equal to 1 78 per cent of Ca) or 1 
gram of protein combines with 9 X 10- 4 gram equivalents of Ca 




PREPARATION AND COMPOSITION OF UNSATURATED 
OR ACID CASEINATES AND PARACASEINATES 

By LUCIUS L VAN SLYKE and ALFRED W BOSWORTH 

(From the Chemical Laboratory of the New York Stale Agricultural Experiment 
Station, Geneva, NY) 

(Received for publication, February 4, 1913 ) 

Compounds of casein with bases, m which less base is present 
than in basic calcium casemate (this Journal, p 207), have been 
reported Soldner 1 obtained a compound of casein and Ca con- 
taining 1 11 per cent of Ca (equal to 1 55 per cent of CaO), or, 
expressed m another form, 1 gram of casein combined with 5 55 
X 1CM gram equivalents of Ca This compound is neutral to 
litmus but acid to phenolphthalem and has been commonly known 
as neutral calcium, caseinate This compound as prepared by Van 
Slyke and Hart 2 contains about 1 07 per cent of Ca (equal to about 
1 50 per cent of CaO) , or, 1 gram of casern combines with 5 35 X 
10- 4 gram equivalents of calcium Courant 3 believes that, in 
addition to the basic and neutral compounds of casein and Ca, a 
third exists, m which the Ca is present m about one-half the 
amount contained m the neutral compound and one-third that 
contained in the basic compound, he regards them as mono-, di-, 
and tri-calcium caseinates Timpe 4 reports a compound contain- 
ing 0 961 per cent of Na (equal to 0 868 per cent of CaO or 0 62 
per cent of Ca), or, 1 gram of casein combines with 3 1 X 1CM 
gram equivalents of Ca Long 5 was able to dissolve 1 gram of 
casein m just one-half the amount of alkali required for the plienol- 
phthalein neutralization and therefore inferred the existence of 
acid casemates containing one-half the amount of base contained in 

1 Landw Versuchsstat , xxxv, p 351, 1888 

5 Amer Chem Journ , xxxiu, p 461, 1905 

3 Pfiuger’s Archw f d ges Physiol , p 109, 1891 

4 Arch f Hyg , xviu, p 1, 1893 

' Journ of Amer Chem Soc , xxvm, p 372, 1906 
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f 

basic calcium caseinate The existence of such a combination is 
questioned by Robertson 6 

In the course of our work, we became convinced that casein forms 
compounds containing less base than any of those reported by 
other workers While we were at work on this point, an article 
by Robertson 7 appeared m which was reported a combination of 
casein and NaOH, 1 cc of alkah combining with 0 877 gram of 
casein Our further work confirms Robertson’s results, although 
we have used a different method of procedure In addition, we 
have been able to prepare and isolate several salts for analysis 
Our study of these individual salts shows that NH 4 , Na and K 
compounds possess properties very different from those of Ba, Ca 
and Sr We have prepared and studied two sets of compounds of 
casein with bases, in one of v hich 1 gram of casein combines approx- 
imately with 1 125 X 10— 4 gram equivalents of base, while in the 
other 1 gram of casein eombmeswith about 2 25 X 1(H gram equiva- 
lents of base 

We shall now take up the details of our experimental work in 
preparing unsaturated or acid casemates of the bases of the more 
common alkalies and alkaline earths 

The specific object in view was to ascertain the smallest quantity 
of base with which casein combines to form a definite salt In the 
volumetric rvork our method of procedure was as follows 

In 200 cc of ^ alkali, wo dissolved 5 grams of pure casein as quickly as 
possible and then made the volume to 250 cc Each 50 cc of this solution 
therefore represented 1 gram of casein dissolved in 50cc of -^alkali A pre- 
liminary or trial determination was next made m the following manner 
Into a 300 cc Erlcnmeyer flask we measure 50 cc of the caseinate solution 
and then add, a drop at a time, some HC1, until we have used 5 cc , 
the contents of the flask being kept in constant agitation in order to 
prevent premature precipitation of casein After addition of 5 cc of acid 
a portion of the contents of the flask is centrifuged, in order to cause the 
sedimentation of precipitated casein, if any, a precipitate serving as an indi- 
cator A sedimentation tube of 50 cc capacity can be used, the precipitate 
collects in the lower V-shaped portion It is possible m this manner to 
detect the casein precipitated by 0 20 cc of & HC1 In case no casein is 
precipitated by the first addition of 5 cc of acid, another equal amount of 
acid is added and a portion of the mixture centrifuged, the process of adding 


1 This Journal, li, p 336, 1906 
7 Jo „rn of Physical Chem , ran, p 469 1909 
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5 cc portions of acid and centrifuging is continued until a permanent pre- 
cipitate of casein is obtained This shows, within 5 cc of ^ HC1, how much 
acid is required to start definite precipitation of the casein In order to as- 
certain the exact point more closely, another set of determinations is made, 
using 50 cc of the caseinate solution and adding in the same continuous 
manner an amount of jy HC1 which is 5 cc less than the amount causing the 
first appearance of a permanent precipitate in the trial or preliminary deter- 
mination The acid is non added in small amounts with constant agitation 
of the liquid in order to prevent the premature separation of any precipitate, 
and centrifuged after the addition of each 0 25 cc The first point at which 
a permanent precipitate appears is noted, the addition of acid is continued 
until all of the casein is precipitated and this point is also noted In our 
work this method of determination was repeated several times with each 
combination of casein and alkali and three different casein preparations 
were used in preparing each caseinate 

We shall now present the results of our experimental work m 
connection with unsaturated or acid caseinates of, first, NH 4 , Na 
and K and, second, Ca, Sr and Ba 

Acid casemates of NH 4 , Na and K 

In the manner described above, we made numerous determina- 
tions m the case of preparations of 1 gram of base-free casein 
dissolved in 50 cc of the hydroxides of NH 4 , Na and K, respec- 
tively In every case, irrespective of the alkali used, the volume 
of HC1 required to cause the first sign of permanent precipita- 
tion was between 44 25 and 44 50 cc in each case also the amount 
necessary to cause complete precipitation was 50 cc 

These results indicate that 1 gram of casern forms a soluble com- 
pound with NH 4 , Na and K, when combined with amounts of 
each somewhere between 1 10 X 10 -4 and 1 15 X 10 -1 gram equiva- 
lents, expressed as hydroxide, or, expressed in another form, 1 cc 
of -ns- alkali combines with an amount of casein somewhere between 
0 87 and 0 91 gram The proportion of basic element m each 
compound is approximately the following NH.i, 0 20 per cent, 
Na, 0 26 per cent, and K, 0 44 per cent Caseinates combining 
with the amount of alkali base indicated contain the smallest 
known amount of base, according to our present knowledge It 
seems proper, therefore, to suggest that such compounds be called 
mono-basic casemates 

Preparation of mono-ammonium caseinate It seemed desirable 
that we should carry the work somewhat further and prepare one 
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pure compound, at least, in dry form for study The NH 4 com- 
pound was chosen as the one offering least difficulty The method 
of preparation was as follows 


In 2 liters of distilled water containing 250 cc of NH ( OH, 25 grams of 
base-free casein were dissolved After solution was complete, we slowly 
added 125 cc of x®- HC1, care being taken to agitate the mixture during the 
addition of the acid, in order to prevent premature precipitation of any 
casein There was next added very cautiously ^ HC1 until a permanent 
precipitate began to appear, as shown by centrifuging the mixture at inter- 
vals The solution was then filtered and measured The amount of 
HCI required to precipitate the casein completely was determined in an 
aliquot part Then one-third of this amount was added to insure the pres- 
ence of only mono-basic caseinate Any precipitate formed was removed 
by filtration and the filtrate was dialyzed until the NH 4 C1 that had been 
formed m the reaction was completely removed The resulting solution, 
containing mono-ammonium caseinate, was then precipitated by addition 
of acid-free alcohol The precipitate was filtered, washed with acid-free 
alcohol and ether and dried at 120°C In several preparations thus made, 
the amount of Nil, was determined, the results are given in the following 
table 

TABLE I 


Composition of mono-ammonium caseinate 



AMOUNT OF 

RELATION OF CASEIN TO NH<OH IN 

AMOUNT OP 

A NII.OH 

CABFINATE USED 

CASEINATE 


FOUND 


grams 

« 


5 891 

6 64 

1 gm casein to 1 127 X 10~ 4 gm 



equivalents 

4 870 

5 38 

1 gm casein to 1 105 X 10 -4 gm 



equivalents 

•4 000 

4 30 

1 gm casein to 1 075 X 10 -4 gm 



equivalents 

‘3 000 

3 16 

1 gm casein to 1 053 X 10 -4 gin 



equivalents | 


PERCENTAGE 

or NH< in 

CASEINATE 


0 203 
0 200 
0 194 
0 190 


• Preparations of caseinates made by Mr O B Winter 


Acid casemates of Ca, Sr and Be 

In making preparations of the casemates of the alkali earth 
bases, difficulty was experienced for some time in obtaining con- 
cordant results The trouble was finally found to be due to the 
presence of the chloride formed when the solution of the casemate 
is treated with HCI Such chlorides tend to cause prec.pitation 
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of the casemates either by decreasing their solubility or, perhaps, 
by formation of double salts, consisting of the chloride m com- 
bination with the caseinate 8 The difficulty of insolubility is 
readily overcome by removal of the chloride through simple dialy- 
sis before its amount is sufficient to cause precipitation To 
accomplish this we made use of the following process 

In 200 cc of hydroxide of Co, Sr or Ba, we dissolved 5 grams of casein 
and then diluted the solution to 2S0 ec A trial or preliminary determina- 
tion was made b> adding HC1 to 50 cc of the caseinate solution in por- 
tions of 5 cc at a time, agitating constantly and, after each addition, testing 
for the presence of a precipitate by centrifuging a portion, until a precipi- 
tate appeared, just as in the case of preparing alkaline caseinatesfp 212) 
Then to each of several flasks containing 50 cc of the caseinate solution, we 
added an amount of ^ HC1 that was 5 cc less than the amount causing the 
first appearance of a permanent precipitate in the preliminary trial The 
contents of the flask were then placed in dialyzing tubes, and, by frequent 
changes of the surrounding water, most of the soluble chloride that had been 
formed was removed The contents of one tube were used for another pre- 
liminary test An amount of acid less than that required to produce a 
precipitate in this second test was then added to all the tubes and the con- 
tents again dialyzed This operation was continued in the manner indi- 
cated in Table 216 (p 216) 

In the manner described above, we have made numerous pre- 
parations of Ca, Sr and Ba casemates, the averages of many results 
show that, m adding A HC1 to 50 cc of a casemate solution con- 
taining I gram of casein dissolved in 50 cc of solution of hydro- 
xide of Ca, Sr and Ba, 38 5 to 39 0 cc of ->& HC1 will be required 
to cause the first appearance of a permanent precipitate, also, the 
addition of only 44 5 cc will be required to cause the complete 
precipitation of the casein The remaining amount of base, 
equal to 5 5 cc of hydroxide, or 1 1 cc of tit hydroxide, appears 
to be held in combination m the insoluble compound 

These results indicate the formation of two sets of compounds, 
when casern is dissolved m a hydroxide of Ca, Sr or Ba and this 
solution is neutralized with acid under the conditions of our experi- 
ments One set of compounds contains twice as much basic ele- 
ment as the other 

Attention is called to additional details m the following state- 
ments 

* Pfeiffer and Modelski Zeiischr f •physiol Chem , Ixxxi, p 329, 1- 
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1 In the di-basic compounds, as the results show, 1 gram of 
casern requires between 2 2 X 10- 4 and 2 3 X 10" 4 gram equiva- 
lents of hydroxide of Ca, Sr or Ba to form a compound which is 
soluble in water when there is not present any, or more than a 
trace of, soluble chloride of any of these elements The addition 


TABLE II 

Illustration of method used in preparing acid caseinates of Ca, Sr and Ba 


VMOUNT or 
CASEIN IN 
SOLUTION 

AMOUNT OF! 

N AMOUNT OF 

3U . N 

NTdROXTIDeI 1J0- 

SOLUTION HCLADDEI 
1 U6FD , 

SIGN or FIRST 
PERMANENT 

5 PRECIPITATE 


gram 

1 cc 

1 “ 



1 

1 50 

1 

i 30 

precipitate 

First trial 

1 

! 

50 

25 

0 

Dialyzed and used for next 

i 

50 

30 

0 

Dialyzed and used for next 

i 

50 

35 

precipitate 


i 

50 

25 

0 

Dialyzed and used for next 

i 

50 

30 

0 

Dialyzed and used for next 

i 

50 

35 

0 


i 

50 

40 

precipitate 

i 


i 

50 

25 

0 

Dialyzed and used for next 

i 

50 

30 

0 

Dialyzed and used for next 

i 

50 

35 

0 

Dialyzed and used for next 

i 

50 

30 

0 


i 

50 

37 

0 


i 

50 

38 

precipitate 


i 

50 

25 

0 

Dialyzed and used for next 

i 

50 

30 

0 

Dialyzed and used for next 

i 

50 

35 

0 

Dialyzed and used for next 

i 

50 

37 

0 

Dialyzed and used for next 

i 

50 

38 

0 


i 

50 

39 

precipitate 


i 

50 

25 

0 

Dialyzed and used for next 

i 

50 

30 

0 

Dialyzed and used for next 

i 

50 

35 

0 

Dialyzed and used for next 

i 

50 

37 

0 

Dialyzed and used for next 

i 

50 

3S 

0 

Dialyzed and used for next 

\ 

50 

38 5 

0 


i 

50 

39 

precipitate 

— 
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of even a small amount of a soluble salt of any of these elements 
to a solution of any of these di-basic caseinates causes the for- 
mation of a precipitate 

2 In these di-basic compounds, 100 grams of casein combine 
(a) until 0 44 to 0 46 gram of Ca (equal to 0 62 to 0 64 gram of 
CaO), (b) with 0 96 to 1 01 grams of Sr (equal to 1 14 to 1 19 
grams of SrO) of (c) with 1 51 to 1 58 grams of Ba (equal to 1 69 
to 1 76 grams of BaO) 

3 It is indicated that with the treatment described above 
1 gram of casein combines with about 1 1 X KH gram equivalents 
of the hydroxide of Ca, Sr or Ba to form an insoluble compound, 
uhen an acid is added in amount just sufficient to precipitate tin? 
casein completely These compounds are regarded as mono- 
basic 

4 In these insoluble mono-basic compounds, 100 grams of 
casein combine approximately (a) with 0 22 gram of Ca (equal to 
0 31 gram of CaO), (b) with 0 48 gram of Sr (equal to 0 57 gram 
of SrO) or (c) with 0 76 gram of Ba (equal to 0 85 gram of BaO) 

5 These insoluble compounds possess some highly interesting 
properties They are soluble m a 5 per cent solution of NH 4 C1, 
NaCl and KCI This solubility is due to an exchange of bases, 
which, for the purpose, can be represented by the following rever- 
sible reaction 

< casemate 

4- 2NaCl , t 2Na casemate + Ca^b 

casemate 

(insoluble) (soluble) 

That the reaction is a reversible one is supported by the follow- 
ing experimental evidence Mono-calcium casemate was prepared 
and freed from soluble calcium salts by washing and dialysis 
The compound was then dissolved m a 5 per cent solution of calci- 
um-free NaCl That an interchange of bases had taken place 
was shown by the fact, that when the brine solution of caseinate 
was dialyzed, calcium was found m the solution outside the dialyz- 
ing tube This brine solution of caseinate was then dialyzed until 
free from calcium and was then filtered A solution of CaClo was 
then added to this dialyzed solution and at once a precipitate of 
calcium casemate was produced That this precipitate is a cal- 
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cium salt can be shown m two ways (1) By washing and dialyzing 
until free from soluble chlonde and then igniting, calcium is found 
in the ash (2) By washing and dialyzing until free from soluble 
calcium, then redissolvmg m a 5 per cent solution of calcium-free 
NaCl and dialyzing, calcium is found to dialyze out of this brine 
solution of caseinate 

Preparation of mono- and di-calcium caseinates In order to 
study the composition and properties of these compounds more 
fully, preparations of mono- and di-calcium caseinate were made 
The following method was employed 

In S00 cc of^yCa(OH) there were dissolved 20 grains of base-free casein 
To this solution w ere added 400 ce of -jit HC1 , the solution was then dialyzed 
to remove most of the resulting CaClj Then HC1 was added very cau- 
tiously under constant agitation of the mixture until a permanent precipitate 
began to appear, as shown by centrifuging The solution was then dialyzed 
again and then more acid was added until a precipitate once more began 
to form Alternate dialysis and addition of acid were continued until no 
more acid could be added without causing a precipitate The amount of 
acid necessary to precipitate all of the casein was next determined in an 
aliquot portion, and one-third of this amount of acid was then added The 
precipitated casein was filtered out and the filtrate was dialyzed This 
solution contained di-calcium casemate The solution was divided, one 
portion being used for the preparation of di-calcium caseinate and the other 
for the mono-calcium caseinate 

In completing the preparation of the di-calcium caseinate, the salt was 
precipitated by addition of acid-free alcohol, the precipitate being washed 
in acid-free alcohol and ether, and then dried at 120°C The composition 
of this preparation is given below in table IV 

In preparing the mono-calcium caseinate, the solution of di-calcium casein- 
ate was treated with enough acid to precipitate three-fourths of the- casein 
The resulting precipitate was filtered, washed with water, acid-free alcohol 
and ether, and then dried at 120°C The results in table III show the 
amount of Ca found in the preparation 

If we compare the results given in tables III and IV with the 
figures given m paragraphs (1), (2), (3) and (4) on page 217 it is 
obvious that the results embodied in these tables are lower The 
higher results are obtained by the volumetric method and are 
believed to be nearer the truth, owing to the difficulty of preparing 
these caseinates in pure form The values given by the volu- 
metric method are the following 1 gram of casein to I 10 (to 
1 15) X 10- 4 gram equivalents of calcium for the mono-basic 
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TABLE III 

Composition of mono-calcium caseinate preparation 


AMOUNT OF COM 
FOUND USED 

AMOUNT OF 

CaO (and Ca) 

FOUND 

PERCENT NOE OF 

CaO (and Ca) 

IN COMPOUND 

RFLATfOV OF CASEIN TO CALCIUM IN 
COMPOUND 

grams 

gram 



5 

0 0149 

0 29S 

1 gm casern to 1 06 X 10 -4 gm 


(0 OlOGCa) 

(0 213 Ca) 

equivalents 

5 

0 0141 

0 282 

1 g m casern to 1 01 X 10 -4 gm 


(0 OlOICa) 

(0 201 Ca) 

equivalents 

5 

0 0146 

0 292 

1 gm casein to 1 04 X 10- 4 gm 


(0 OKMCa) 

(0 209 Ca) 

equivalents 

Average 

0 01453 

0 291 

1 gm casein to 1 04 X 10 -4 gm 

! 

(0 0104Ca) 

(0 20S Ca) 

equivalents 



TABLE IV 

Composition of di-calcium caseinate preparation 

| 

AMOUNT OF COM 
POUND USED | 

AMOUNT OF : 

CaO (AND C\) : 
FOUND | 

PERCENTAGE 1 

CaO (and Ca) j 

IN COMPOUND j 

RELATION OF CASEIN TO CALCIUM IN 
COMPOUND 

grams 

gram 



4 2S25 

0 0233 

0 544 

1 gm casein to 1 95 X 10~* gm 


(0 0167Ca) ! 

(0 39 Ca) 

equivalents 

4 1215 

0 0235 

0 572 

1 gm of casein to 2 04 X 10* 4 gm 


(0 0168Ca) ! 

(0 41 Ca) 

equivalents 

Average 

0 0234 

0 558 

I gm of casein to 2 00 X 10~ 4 gm 

4 202 

(0 01675Ca) j 

: 

(0 40 Ca) 

equivalents 


casemate, and 1 gram of casein to 2 2 (to 2 3) X 10 - 4 gram equiva- 
lents of calcium for the di-basie caseinate 


PREPARATION AND COMPOSITION OF UNSATTXRATED OR ACID PARA- 

CASEINATES 

In preparing acid paracasemates of bases, the same volumetric 
method of procedure was followed as in case of the casern salts 
(p 215) The appearance of a precipitate m a centrifuged portion 
after addition of acid to an alkali solution of paracasemate was 
made to serve as an indicator in regard to the end point of the 
reaction We dissolved 5 grams of the ash-free paracasemate in 
200 cc of & alkali, made up the solution to 250 cc and then brought 
to the end point by careful addition of HC1 
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Acid paracasemate of NIT, Na and K 

In the manner described, determinations were made m the case 
of base-free paracasein dissolved m hydroxides of NIT, Na and K 
In every case, irrespective of the alkali used, the volume of A 
HC1 required to cause the first sign of permanent precipitation 
when added to a solution of 1 gram of casein m 50 cc of & alkali 
" as betv een 38 5 and 39 cc , m each case, also, the amount required 
to cause complete precipitation was 50 cc 
These results show that 1 gram of paracasein combines with 
an amount of alkali somewhere between 2 2 X 10 -4 and 2 3 X 1 0-1 
gram equivalents, expressed as hydroxide, m forming soluble 
compounds with NIT, Na and K, which are acid to both htmus 
and phenolphthalem Expressed m another form, 1 cc of 
alkali, expressed as hydroxide, combines with an amount of para- 
casein somewhere between 0 435 and 0 455 gram The propor- 
tion of basic element in each compound is approximately as follows 
NIT, 0 40 per cent, Na, 0 52 per cent, K, 0 88 per cent The 
amount of each basic element in these paracaseinates is just double 
that present in the corresponding casein compounds 

The amount of acid required to precipitate completely the 
paracasein in these compounds is exactly equal to the alkali used 
to dissolve the paracasein, this fact indicates that there is not 
an additional paracasemate, in insoluble form, containing less of 
these basic elements 

Preparation of mono-ammomum paracasemate Mono-ammon- 
ium paracasemate was isolated and prepared m dry form for further 
study in the nfanner already described m the preparation of 
mono-ammonium caseinate (p 213) Care must be taken to use a 
paracasein preparation free from casein or salts of Ca, Sr, Ba, etc 
A determination of the amount of NIT present m preparations 
thus made is given in Table V 

These results illustrate the difficulty of preparing the compounds 
pure, but indicate that the percentage of NIT is about double 
that found m the corresponding mono-ammonium casemate 

Acid paracaseinates of Ca, Sr and Ba 

In preparing paracasein salts of Ca, Sr and Ba, the presence of 
their chlondes causes much more trouble in respect to precipitation 
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TABLE V 


Composition of mono-ammonium paracasemate 


AMOUNT OF 
PARACASEIN 

U BED 

AMOONTOF 

N 

, Nif.on 

FOUND 

| HELATION OF PAJlACASEtN TO NHlOH IN 

FASACABElNAli; 

i ! 

PERCENT- 
AGE OF 

NH< in 

PATtACASE 

INATE 

4 

S 20 

1 gm paracasein to 2 05 X 10-* gm 
equivalents 

0 37 

4 

7 9S 

1 gm of paracasein to 2 00 X 10 -4 gm 1 
equivalents ! 

0 36 


than in case of the casemates Special care must be taken to 
prevent the accumulation of chlorides of these elements By suffi- 
cient!} frequent dialysis, it was possible to obtain the results re- 
ported below Another point in connection with paracasein is 
the fact of its slow rate of solution in the hydroxides of Ca, Sr 
and Ba, on tins account we used 400 cc of A hydroxide to dis- 
solve 5 grams of paracasein, making the volume up to 500 cc with 
water 

Trial or preliminary determinations were made m the same 
manner as with casein (p 215), m order to determine the amount 
of A HC1 required to precipitate the paracasein m the absence 
of CaCl 2 , SrCl 2 or BaCls The specific details employed and re- 
sults obtained are indicated in Table VI (p 222) 

The results obtained by the method of procedure indicated above 
showed that the amount of rs HC1 wluch must be added to a solu- 
tion of 1 gram of paracasein m 100 cc of hydroxide of Ca, Sr 
or Ba m order to cause the first sign of permanent precipitation 
was between 77 25 and 77 5 cc to complete!} 7 precipitate all of 
the paracasein, 88 5 cc were required The figures are the same 
irrespective of the hydroxide used 

These results indicate the formation of two sets of compounds 
when paracasein is dissolved m a Ca(OH) 2 , Sr(OH) = or Ba(OH) 2 
and this solution is neutralized with acid under the conditions of 
our experiments One set ot compounds contains twice as much 
base as the other, corresponding to the two sets of casein com- 
pounds Tlie following statements call attention to additional 
details 

1 In the di-basic compounds, the results show that 1 gram of 
paracasein requires between 4 5 X 10 -4 and 4 55 X 10 -4 gram 
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TABLE VI 

Illustration of method of preparing acid paracaseinates of Ca, Sr and Ba 


AMOUNT or 
PAIIACAflEtN 
IN SOLUTION 

AMOUNTOF 

N 

FITDBOXIDI 

SOLUTION 

USED 

AMOUNT Ol 

N* 

HCladdei 

PRECIPITATION 

D 

r 

or am 

CC 

CC 


- 

i 

m 

80 0 

precipitate 

First trial 

i 

100 

j 75 0 

1 0 

Dialyzed and used for next 

i 

100 

80 0 

! 

j precipitate 


i 

100 

1 75 0 

0 

Dialyzed and used for next 

i 

100 

1 76 0 

0 

Dialyzed and used for next 

i 

100 

i 77 0 

precipitate 


i 

100 

75 0 

0 

Dialyzed and used for next 

i 

100 

76 0 

0 

Dialyzed and used for next 

i 

100 

76 5 

i 0 

Dialyzed and used for next 

i 

100 

77 0 

j precipitate 


i 

100 

75 0 

0 

Dialyzed and used for next 

i 

100 

76 0 

0 

Dialyzed and used for next 

i 

ioo ; 

76 5 

0 

Dialyzed and used for next 

i 

100 

77 0 

0 

Dialyzed and used for next 

i 

100 

77 5 

precipitate 


i 

100 

75 0 

0 

Dialyzed and used for next 

i 

100 

76 0 

0 

Dialyzed and used for next 

i 

100 

76 5 

0 

Dialyzed and used for next 

i 

100 

77 0 

0 

Dialyzed and used for next 

i 

100 

77 25 

0 

Dialyzed and used for next 

i 

100 

77 50 

precipitate 



equivalents of hydroxide of Ca, Sr or Ba to form a compound which 
is soluble m pure water These compounds are easily precipitated 
from their water solutions by a minute amount of a soluble salt of 
Ca, Sr or Ba 

2 In these di-basic compounds, 100 grams of paracasein com- 
bine approximately (a) with 0 90 gram of Ca (equal to 1 26 grams 
of CaO), (b) with 1 97 grams of Sr (equal to 2 33 grams of SrO) 
or (o') with 3 09 grams of Ba (equal to 3 45 grams of BaO) 

3 It is indicated that< with the treatment described above, 
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1 gram of paracasein combines with about 2 3 X 10-* gram equiva- 
lents of the lij droxide of Ca, Sr or Ba to form an insoluble com- 
pound These compounds are regarded as mono-basic para- 
casemates 

4 In these insoluble mono-basic paracnseinates, 100 grams of 
paracasein combine approximately (a) with 0 46 gram of Ca 
(equal to 0 64 grim of CaO), (b) with 1 01 grams of Sr (equal to 
1 19 grams of SrO) or (c) with 1 58 grams of Ba (equal to 1 76 
grams of BaO) 

5 Mono-basic pnrncaseinates of Ca, Sr and Ba are completelj 
soluble in warm 5 per cent solution of NH 4 C1, NaCl and KC1 
This solubilit 3 r is due to interchange of bases, just as in'the case of 
caseinates (p 217), the reaction was studied experimentally with 
paracaseinates and the same results obtained as in the case of the 
caseinates 

6 A comparison of the composition of the casemates and para- 
casemates show s that twace as much base is present m paracasem- 
ates as m the corresponding caseinates This is easily seen in the 
following table 

TABLE VII 


Comparison of composition of caseinates and paracaseinates 
Amount of basic element combined milk 100 grams of casein or paracasein 


BASIC | 

ELEMENT 

IN MONO-BASIC 1 
CASEINATE j 

IN MONO BASIC 
PAR ACASEINATE | 

IN DI-BASIC 
CASEINATE 

[ IN DI BASIC 

| PARACASEINATE 

Ca 

0 22 1 

0 46 

0 44 to 0 46 

0 90 

Sr 

0 48 

I 01 

0 96 to 1 01 

1 97 

Ba 

0 76 

1 58 

1 51 to 1 58 

8 09 


Preparation of mono- and di-calcium paracaseinates In order 
to study the composition and properties of these compounds fur- 
ther, preparations of the mono- and di-calcium paracaseinates 
were made The first steps in making these compounds are the 
same An excess of ash-free paracasein is agitated with lime-w ater 
until a saturated solution is formed, the undissolved paracasein 
being removed by filtration To the solution, ~K- HC1 is added until 
a permanent precipitate begins to appear The solution is again 
filtered and then dialyzed Alternate addition of acid and dialysis 
are continued until no more acid can be added after dialysis with- 
out causing precipitation The amount of A HC1 required to*" 

T* 

TUE JOURNAL OF BIOLOGICAL CHEMISTR1 tOL XI\ NO 3 
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precipitate all the paracasein is next determined m an aliquot 
portion, and one-third that amount of acid is added The solu- 
tion is then filtered and dialyzed This solution contains di-cal- 
cium paracaseinate This solution is divided into two portions, 
m one the di-calcium paracaseinate is precipitated by addition of 
acid-free alcohol, the precipitate being washed with acid-free alco- 
hol and ether and being dried at 120°C This preparation was 
found to contain between 4 2 X 1CH and 4 6 X 1(H gram equiva- 
lents of Ca for 1 gram of paracasein 
In the second portion of di-calcium paracaseinate solution 
enough HC1 is very slowly added to precipitate three-fourths 
of the paracasein m solution The precipitate is mono-calcium 
paracaseinate, this is filtered, washed with acid-free alcohol and 
ether and dried at 120°C Before being washed with alcohol, 
the precipitate is completely soluble in 5 per cent solution of NaCl 
This compound, mono-calcium paracaseinate, is identical m its 
properties with the brine-soluble compound formed m Cheddar 
cheese, to which attention was first called by Van Slyke and Hart 
under the expression, “salt-soluble compound ” Attention will 
be more fully called to this compound in another paper (this Jour- 
nal, p 231) An analysis of this preparation show’editto contain 
between 2 X 1(H and 2 3 X 10- 4 gram equivalents of Ca for 1 
gram of paracasein 

SUMMARY 

1 Acid or unsaturated casemates and paracasemates of NH<, 
Na and K are prepared by dissolving the ash-free protein in zb 
hydroxide and neutralizing very carefully by successive additions t 
with zb HC1, the end point being obtained by centrifuging a por- 
tion of the mixture in order to cause sedimentation of any precipi- 
tated protein, the desired end point is the first sign of a permanent 
precipitate Protein precipitated by 0 20 cc of & HC1 can thus 

be detected 

2 Results show that 1 gram of casein forms a soluble compound 
with NH 4 , Na or K, corresponding to amounts of hydroxide be- 
tween 1 10 X 10- 4 and 1 15 X 10- 4 gram equivalents, or 1 cc of 
& alkali, expressed as hydroxide, combines with 0 87 to 0 91 gram 
ot casein Corresponding paracasemates are formed but they 
contain twice the amount of basic element present in the caseinates 
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Such compounds are called mono-basic Mono-ammomum casei- 
nates v, ere prepared 111 dry form and studied 

3 Acid or unsaturated caseinates and paraeasemates of Ca, Sr 
and Ba are prepared by dissolving ash-free casein m hydroxide 
and proceeding as m case of alkali compounds, except that when 
the first sign of a permanent precipitate appears on the addition 
of HC1, the mixture is dialyzed to remove the chloride formed, 
because such chloride precipitates the caseinate or paracasemate 

4 Two sets of compounds are formed with Ca, Sr and Ba, mono- 
and di-bnsic In the di-basic casemates, which are soluble, 1 gram 
of casein combines with 2 25 gram equivalents expressed as hydrox- 
ide These compounds are easily precipitated by soluble salts of 
Ca, Sr or Ba In the mono-basic caseinates, which are insoluble, 
1 gram of casein combines with 1 125 X 10- 4 gram equivalents 
expressed as hydroxide In the paraeasemates, twice the amount 
of base combines with the protein molecule, 1 gram of paracasein 
combines with 4 50 gram equivalents expressed as hydroxide in the 
di-basic compounds and with 2 35 in the mono-basic 

5 Mono-basic caseinates and paraeasemates are insoluble in 
water but soluble in warm 5 per cent solution of NaCl, NH 4 C1, 
KC1, etc The solubility is due to an exchange of bases, the reac- 
tion, for example, between mono-calcium caseinate and NaCl 
results m the formation of the soluble sodium caseinate and CaCb 
The reaction is reversible 




VALENCY OF MOLECULES AND* MOLECULAR WEIGHTS 
OF CASEIN AND PARACASEIN 

By LUCIUS L VAN SLYKE and ALFRED W BOSWORTH 

(From the Chemical Laboratory of the New York, Stale Agricultural Experiment 
Station, Geneva, NY) 

(Received for publication, February 4, 1913 ) 

In the case of the compound of casein and Ca which is neutral to 
phenolphthalem, it is found that 1 gram of casein combines with 
9 X 10~ 4 gram equivalents of Ca In the case of the mono- 
ammonium caseinate, the combination is in the proportion of 1 
gram of casein to a value between 1 1 X 10- 4 and 1 15 X 10 — * 
gram equivalents expressed as hydroxide (this Journal, page 213 ) 
Now, since we have one compound of known composition and 
another of approximately known composition, it should be possible 
by applying the rule of constant proportions to determine the true 
composition of the mono-basic caseinate and also the number of 
valencies satisfied in the caseinate that is neutral to phenol- 
phthalem 

We have reason to believe that the proportion, 1 gram of casein 
to 1 125 X 10- 4 gram equivalents of alkali hydroxide, is the true 
value, since, first, this lies between the two limits (1 10 and 1 15) 
found m our volumetric work, and, second, this figure agrees with 
that found by assuming a valency of 8 for the basic calcium casei- 
nate, m which 1 gram of casein combines with 9 X 10- 4 gram equiv- 
alents of Ca Thus, if the valencies satisfied are 8, the proportion 
becomes 1 gram of casein to 1 125 X 10- 4 gram equivalents of 
alkah, expressed as hydroxide, for monobasic caseinates If, 
however, we were to assume that the number of valencies in the 
basic compound is 7 rather than 8, then the mono-basic salt would, 
theoretically, have the composition, 1 gram of casein to 1 285 X 10 -4 
gram equivalents of alkah, expressed as hydroxide, a value too 
high for our analytical results If, on the other hand, we were to 
assume the numbers of valencies m the basic compound to be 9 
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(instead of 8), then the proportion m the mono-basic compound 
would become 1 gram of casein to 1 X 10- 4 gram equivalents of 
alkali, expressed as hydroxide, a value too low for our analytical 
results obtained with mono-ammonium and other alkali caseinates 
Therefore, assuming 8 as tire true valency of basic calcium casein- 
ate gives the value, 1 gram of casein to 1 125 X 10 -4 gram equiva- 
lents of alkali, expressed as hydroxide, a result which agrees 
with the volumetric results obtained in the case of the mono-alkali 
caseinates 

Using the sulphur content as a basis on which to calculate the 


molecular 


weight of casein, we have n 



100 = 7*4454+ 


If the value of n is 2, the molecular weight becomes 8908, which 
is m close agreement with the value previously found, 8888 

Using the amount of phosphorus in casern as a basis for calcu- 


lating the molecular weight, ire have n 



100 = n4372~, 


which becomes 8744 if the value of n is 2 
On the basis of 8 representing the true number of valencies 
satisfied in the basic calcium caseinate molecule, the molecular 

weight of casein is i ~i 25 > ( or *®88 + Robertson reaches 

similar results 1 * by deducing the molecular weight of casein in several 
different ways This would also make the equivalent weight of 
8888 

casein equal to -r— or 1 1 1 1 This value is m close agreement with 

O 


the equivalent weight assigned by other workers to casein prepared 
from cow’s milk Laqueur and Sackur give about 1 135, 5 Matthaio- 
paulos gives 1131 5, 3 Long gives 1124 4 
As a result of the work done by us it would seem possible, theo- 
retically, to prepare a series of not less than eight combinations 
of casern with each of the basic elements studied According to 
what we have reason to believe at the present tune, not less than 
four of these combinations have been prepared Usmg the cal- 
cium compounds for illustration we have the following series 


1 Journ of Physical Chcm , iv, p 179, 1911 

1 Hofmeislcr's BeilrSge, in, p 193, 1902 

» Zeitsthr f anal Chcm , xlvn, p 492, 190S 
* Journ Amer Chcm Soc , xrvm, p 372, 1906 
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NAME OFCOMTOUND 

GRAMS OP Ca FOR 100 GRAMS 
OF CASEIN 

VALENCIES SATISFIED 

Mono-calcium caseinate 


1 

Di-calcium caseinate 


2 

Neutral calcium caseinate 


5 

Basic calcium c lseinatc 


8 


It is noticeable that, in this series, compounds are absent repre- 
senting valencies of 3, 4, 6 and 7 Whether such compounds can 
be prepared ve cannot say at present 


VALENCI OF PARACASEIN MOLECULE AND MOLECULAR WEIGHT OF 

PARACASEIN 


In the case of basic calcium paracasemate, the compound that 
is neutral to phenolphthalera, it is found that 1 gram combines 
with 9 X 10- 4 gram equivalents of Ca, while m the case of mono- 
ammonium paracasemate, the combination is in the ratio of 1 
gram of paracasein to a value between 2 2 X 10- 4 and 2 3 X 10 -1 
gram equivalents (this Journal p 223) According to the rule of 
constant proportions, the number of valencies satisfied in the first 


compound would be between-^ and or 4 The molecular 
weight of paracasein would, therefore, be 25 X ICm) 0r 


Our results indicate that the molecular weight of casein, 8888, is 
just twice that of paracasein, 4444 

Calculated on the basis of the sulphur content, the molecular 


weight of paracasein would be n 



100 = n4454+ , on the 


basis of the phosphorus content, we should have n 



100 = 


n4372— The value of n would seem to be 1 and each molecule 
of paracasein would contain one atom each of sulphur and phos- 
phorus 

Theoretically, it should be possible to make a series of four 
salts of paracasein We have prepared three— -those m which 1, 
2 and 4 valencies are satisfied (pp 219, 223) 

In connection with the relative molecular weights of casein 
and paracasein, the facts indicate that the action of the prmcipa 
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enzyme contained in rennet-extract splits the casein molecule into 
two molecules of paracasein, an effect opposite that advocated by 
some who believe that the paracasein molecule is a larger aggrega- 
tion than that of casein The following experiment supports our 
view 

Five grams of casein a*o dissolved in 250 cc of KOH Using 
the volumetric method given elsewhere (this Journal, p 212), it is 
found that 44 5 cc of HC1 could be added to 50 cc of the casei- 
nate solution, containing 1 gram of casein, before a permanent 
precipitate begins to appear To another 50 cc of caseinate solu- 
tion a few drops of neutral rennet-extract are added Under the 
conditions of the experiment, no precipitate or curd is produced 
by the action of the rennet-enzyme After a few minutes, some 
HC1 is added and it is found that a permanent precipitate begins 
to form as soon as w e add only 39 cc of ^ IiCl 

We have in hand a more extended investigation relating to the 
action of rennet-enzymie upon casern, the results of w'hich wall be 
published later 

SUMMARY 

On the basis of the analytical results obtained in the study of 
the composition of the mono-basic and basic caseinates and para- 
casemates, the molecular weight of casein is 8888, that of para- 
casein, 4444 The valency of the protein molecule in basic case- 
mates is 8, in basic paracaseinates, 4 



COMPOSITION AND PROPERTIES OF THE BRINE- 
SOLTJBLE COMPOUND IN CHEESE 

Bt LUCIUS L VAN SLYICE and ALFRED \V BOSW ORTH 

(From the Chemical Laboratory of the New York Stale Agricultural Experi- 
ment Station, Geneva, N Y ) 

(Received for publication, February 4, 1913 ) 

During the manufacture and ripening of Cheddar cheese and of 
many other kinds of cheese, there is always found a protein that is 
soluble m a warm 5 per cent solution of NaCl The existence of 
such a substance in Cheddar cheese was first brought to atten- 
tion by work done in this laboratory 1 The presence of this brine- 
soluble protein was shown to be associated in some way with the 
formation of acid in the cheese and, on the basis of some early 
experiments, VanSlyke and Hart were led to conclude erroneously 
that the substance consists of a combination of paracasein and lac- 
tic acid (called by them paracasein mono-lactate), which by the 
addition of more lactic acid becomes insoluble m dilute brine solu- 
tion, forming a compound which they mistakenly regarded as 
paracasein di-lactate As a result of later work, 2 3 they changed 
their first views and came to the conclusion that the so-called para- 
casein mono-lactate is simply the uncombined protein, paracasein, 
and that the so-called paracasein di-lactate is a compound of para- 
casein and lactic acid (1 gram of paracasein uniting supposedly 
with about 0 5 cc of acid) It may be stated here, in passing, 
that it was later shown by L L VanSlyke and D D VanSlyke 5 
that the protein casern does not unite with acids to form insoluble 
compounds but that the action is simply one of adsorption, by 
which more or less acid is taken from the surrounding solution and 
concentrated upon the surface of the solid particles of protein, 
m other words, it was shown that casein or paracasein mono-lac- 

1 Amer Chem Journ , xxvm, p 411, 1902 

3 Ibid , xxxm, p 461, 1905 

3 Ibid , xxxvui, p 383, 1907 
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tatc and di-lactate have no existence as applied to the compound m 
question It still remained, therefore, to find out what the brine- 
soluble substance really is, and work was continued along tlus line 
by the writers 4 We noticed that calcium is always to be found 
associated with the brine-soluble substance when it is separated 
from the other cheese constituents by extraction with a solution 
of calcium-free NaCl after previous removal of all water-soluble 
constituents This fact suggested the possibility that the bnne- 
soluble substance might be a combination of paracasein and cal- 
cium, containing less calcium than had been previously found in 
any combination of this element with paracasein On the basis 
of such a possibility, it could be explained that with the formation 
of increased amounts of lactic acid in cheese-makmg, as a result of 
the bacterial decomposition of milk sugar, the acid would combine 
with more or less of the calcium contained m calcium paracasei- 
nate, resulting in the production of a paracasemate containing 
less calcium This suggestion was strengthened by the fact that 
in Camembert cheese, the brine-soluble compound is formed during 
certain stages of the manufacturing process but soon disappears, 
its formation and disappearance being explained as follows, accord- 
ing to Bosworth 5 The brine-soluble substance is at first formed m 
Camembert cheese, as also in the case of Cheddar cheese, but, 
owing to the method of making this type of cheese, more acid is 
allowed to form m Camembert cheese, and, as a consequence, the 
brine-soluble substance loses its calcium and becomes free para- 
casein, which is insoluble in brine solution Therefore, m the man- 
ufacture of Camembert cheese, it is found that after the first few 
hours the cheese contains no brine-soluble material, and, what is 
also significant, all the calcium is found in the water extract 
The relation between the brme-soluble substance and the calcium 
found m the brine extract m the two types of cheese is illustrated 
m Table 1 

The question necessarily suggests itself whether the calcium 
always found in the brme-soluble extract of cheese is not there 
incidentally in a mechanical state rather than in a combination with 
paracasein In order to study this question, the following work 

was done 

‘'Technical Bulletin No 4, 1907, New York State Agnc Exp Sta 

» Technical Bulletin No 5, 1907, New York State Agnc Exp Sta 
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Twentj-five grams of cheese were ground with sand and ex- 
tracted with w atci at about 55°C , using 150 cc portions until the 
extract amounted to 1000 cc The residue, containing the brine- 
soluble substance, was placed in a dialyzing apparatus and allowed 
to dialyze to insure the removal of all soluble calcium Sodium 
chloride was then added to the contents of the dialyzing tube, 
which was then placed in a beaker of water and allowed to remain 
four hours Upon adding ammonium oxalate to some of the watei 
in the beaker, a precipitate of calcium oxalate appeared This 
result leads to the belief that the Ca is present m combination m an 
insoluble form and that an interchange takes place between it and 
Na, when the insoluble compound is treated with NaCl solution 


TABLE I 

Comparison of changes in Cheddar and Camemberl cheese 


AGE or CTTEEBE 

ZIKD or CHEESE 

TOTAL NITROGEN" 
IN THE FORM OF 
BBINE-SOLUBLE 
COMPOUND 

PER CENT OF TOTAL 
CALCrUM FOUND IN 
BRINE SOLUBLE 
COMPOUND 

When curd was cut 

Cheddar 

per cent 

3 13 

trace 

When curd was cut 

Camembert 

6 72 

trace 

Ten hours 

Cheddar 

96 00 

27 96 

Ten hours 

Camembert 

94 00 

17 76 

Two days 

Cheddar 1 

68 87 , 

24 47 

Two days 

Camembert i 

4 39 

trace 

Four months 

Cheddar 

43 09 

24 28 


In order to throw further light on the character of the brine- 
soluble compound, a study was made of the solvent effect of sev- 
eral different chlorides One kilogram of Cheddar cheese was 
ground fine, thoroughly mixed, and then 25-gram portions were 
ground with sand, placed m bottles and extracted with water m 
the manner described m the preceding paragraph The residues 
were then extracted with solutions of chlorides and the results 
given in the following table were obtained The solutions of the 
salts were used in such strengths that 1000 cc contained equival- 
ent gram molecules In the case of the weakest solution, extrac- 
tion was continued as long as appreciable amounts of protein 
were obtained in the extract, 4000 cc being used, the results in 
these cases are given for each 1 000 cc of extract as well as for the 
total 
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Solvent effect of neutral chlorides on the hnnc-soluble compound in cheese 


strlaott? or 

1 


! PERCENTAGE OF TOTAL N IN TIN ATER INSOLUBLE 

SOLUTION OltAM 

AMOUNT OF EXTRACT 


RESIDUE OF CFIEE8E EXTRACTED DT 

10 00 cc 

L 


i NnCI 

NHiCl 

KCl 

MgCU 

BaCI, 

1 CaCli 

1 0 


CC 

1000 

I 08 57 

07 62 

50 47 

63 81 

0 

0 

0 s 


1000 

G9 29 

65 24 

50 47 

48 33 

0 

0 

o r> 


1000 

' 56 19 

56 43 

45 95 

lost 

0 

0 

0 4 


1000 

51 43 

51 19 

44 52 

23 57 

0 

0 

0 2 

1st 

1000 

47 62 

49 05 

40 95 

4 00 

0 

0 

0 2 

2nd 

1000 

13 33 

10 48 

13 90 

5 24 

0 

0 

0 2 

3rd 

1000 

2 9.5 

4 10 

2 00 

1 29, 



0 2 

4th 

1000 

trace 

trace 

trare 




Total ! 

f 


4000 

1 

03 90 

63 6. 

56 85 

! 

i 




In connection with the data in the preceding table, attention is 
called to certain phases of the results 

1 The chlorides of Bn and Ca have no solvent effect The 
chloride of Mg in strong molecular concentrations acts much like 
the chlorides of the alkalies, while in lower molecular concen- 
trations its solvent power is greatly reduced 

2 Sammis and Hart 6 attempted to study the solvent effect of 
these salts on the same material, but reached results not concordant 
with one another and not in agreement with ours While we used 
solutions of such strength as to show the relation existing between 
the solvent action of the salt solution and its molecular concentra- 
tion, they used solutions containing a uniform percentage by 
weight of different salts and extracted m every case with the same 
volume of solution By using solutions of different salts having 
the same percentage composition by weight, but with a different 
molecular concentration, one would, under the circumstances, 
expect to obtain only discordant results, because the solvent 
effect of the solution is apparently a result of the mass action 
of the salt m solution, as shown by us (this Journal, p 217) If 
Sammis and Hart had m their work continued extraction until 
no more solvent effect was appreciable their results would have 
been in satisfactory agreement with ours This is strikingly 


‘ThiB Journal, vj, p 181,1909 
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shown m the above table in the case of the 0 2 n solutions, by 
continued extraction the total amounts extracted are found to 
be essentially the same as in the more concentrated solutions 

Identity of the bnnc-solubic compound of cheese with mono-calaum 

paracascinate 

We have shown (this Journal, p 223) that paracasein combines 
with Ca to form a compound insoluble m water but soluble in 5 
per cent solution of NaCl (Na replacing Ca) In this compound 
"e have shown that 1 gram of paracasein is in combination with 
2 25X10 -4 gram equivalents of Ca Indications pointed to the 
identity of the brine-soluble substance of cheese with this mono- 
calcium paracascinate, and it lemamed to ascertain whether the 
protein part of the molecule in these two compounds is the same 
In order to accomplish this, a prepaiation of the protein m the 
brine-soluble compound was made from cheese, and its composition 
and properties were studied 

One kilogram of Cheddar cheese was ground fine and then ex- 
tracted with numerous portions of distilled water at about 55°C 
m order to remove all soluble compounds The residue was then 
extracted with many portions of a 5 per cent solution of NaCl 
and filtered, first through absorbent cotton and then through 
paper Dilute acetic acid was then added, giving a heavy precipi- 
tate, which vas washed with rvater, redissolved m dilute ammonia 
and again precipitated with acid The process was then com- 
pleted as in the preparation of casein (this Journal, p 204) The 
preparation on analysis gave the following results Moisture, 
2 32, ash, 0 25 per cent In the dr> substance, C, 52 97, H, 7 15, 
N, 15 82, P, 0 75, S, 0 78 , 0(by difference), 22 28 

A study of the propci ties of this substance gave the following 
results 

1 The substance is found to act as an acid in combining with 
bases 

2 It decomposes CaC0 3 and gives a compound in which 100 
grams of substance combine with the equivalent of 2 52 grams of 
CaO (equal to 1 80 grams of Ca), or, 1 gram of substance combines 
with 9X10~ 4 gram equivalents of Ca 
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3 The solution of this calcium compound is neutral to phenol- 
phthalem 

4 Measured by the volumetric method it was found to form a 
compound with ammonium represented by the combination of 
1 gram of substance with 2 3 X 10 -4 gram equivalents, expressed 
as hydroxide 

5 With Ca it forms a compound, soluble in 5 per cent solution 
of NaCl but insoluble in water, which cont ains 1 gram of sub- 
stance combined with 2 3X10 -4 gram equivalents of Ca 

6 It forms also a compound with Ca that is soluble m water, 
containing 1 gram of substance combined with 4 5X10 -4 gram 
equivalents of Ca 

In view of the marked agreement of the composition and proper- 
ties of the brine-soluble substance, formed in cheese, with the 
compound, mono-calcium paraeaseinate, as prepared bj us, there 
is good reason to believe that the bnne-soluble substance is mono- 
calcium paraeaseinate, having the composition of 1 gram of para- 
casein combined with 2 25X10 -4 equivalents of Ca 

SUMMARl 

In many kinds of cheese there is always present a protein soluble 
in v, arm 5 per cent solution of NaCl Previous efforts to determine 
the exact relation of this substance to casein or paracasein have 
resulted m erroneous conclusions An extended study of its pro- 
perties and composition indicates the substance to be mono-cal- 
cium paraeaseinate, formed from calcium paraeaseinate by remo- 
val of part of its Ca through lactic acid produced m the process of 
cheese making as a result of the action of lactic acid bacteria upon 
the milk sugar 


ON THE RATE OF EXTRACTION OF A PROTEIN (SAL- 
MINE) FROM DESICCATED TISSUE BY AN 
AQUEOUS SOLVENT 

Bt T BRAILSFORD ROBERTSON 

( From the Rudolph Sprockets Physiological Laboratory of the University of 

California ) 

(Received for publication, February 5, 1913 ) 

The testicles of the Pacific salmon ( Oncorhynchus tschawytscha, 
Wahlbaum) which had been preserved and hardened m 50 per 
cent alcohol for two 3 r ears preceding the experiment, were minced 
and the spermatozoa shaken out into a large bulk of distilled water 
The suspension of sperm which it as thus obtained was decanted 
from the bulk of the connective tissue and then filtered through 
glass wool The spermatozoa were then agglutinated by the addi- 
tion of 80 cc of § acetic acid per liter of suspension and allowed 
to settle out, the supernatant fluid being removed by decantation 
The spermatozoa were then suspended in a volume of 95 per cent 
alcohol equal to the volume of the original suspension After 
settling, the supernatant fluid was syphoned off and replaced by 
the same volume of 95 per cent alcohol After again allowing the 
sperm to settle and removing the supernatant fluid, they were 
suspended in a volume of ether equal to one-half of the volume of 
the original aqueous suspension After again allowing the sperm 
to settle, the supernatant ether was removed by decantation, the 
sperm collected in a cloth and the greatei part of the ether squeezed 
out of them They were then spread out upon bibulous paper to 
dry in the air of a warm room The desiccated spermatozoa were 
thus obtained in the form of a yellowish powder containing come 
coarse particles The powder was sifted through a very fine sieve, 
and the portion which passed through the sieve was employed 
in the experiment which is about to be described 

One hundred and fifty cubic centimeters of an aqueous solution 
of hydrochloric acid containing 1 35 per cent of HC1 were placed 
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Rate of Extraction from Dry Tissue 

m a beaker, of which the diameter of the base was 7 5 cm , and 
agitated by a glass, rod which was bent to an angle of 45° from the 
verticle and the tip of which, when rotated, described a circle of 
about 7 cm diameter The rod was rotated by a small motor 
at the very nearly constant rate of 1G00 revolutions per minute 
The temperature was that of the room 

Forty-five grams of the dried sperm were dropped into this 
fluid while stirring, and 150 cc more of the 1 35 per cent HC1 
were immediately added The entire process of dropping in the 
sperm and adding more fluid occupied less than fifteen seconds 

At the intervals stated below samples of the mixture were almost 
instantaneously withdrawn by means of a 20 cc pipette provided 
with a rubber bulb The samples w r ere then very rapidly filtered 
under pressure through small dry pads of asbestos in Gooch cru- 
cibles, the filtrates being collected in dry flasks The refractrve 
index of the filtrate from each sample w r as then determined, 
employing a Pulfnch refractometer and a sodium flame as the 
source of light Denoting the refractive index of the filtrate from 
any gnen sample by n and that of the pure solvent (1 35 percent 

HC1) by Tij, the quotient ^ ■ is the number of grams of 

salmine dissolved in 100 cc of the solvent at the moment when 
the sample was abstracted 1 

The relationship -which was found to subsist between the period 
of extraction and the mass of salmine extracted is displayed graphi- 
cally in the accompanying figure It wall be seen that the rate of 
extraction is at first very great, but that it very rapidly falls off 



77 rC AV A f/HUT£5 


It does not fall to zero, however, in other words, the curve does not 
approach an asjmptote, in which respect it differs very striking ' 

'1 Unilsford Robertson This Journal, x>, p 307, 1912 
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from the curve which depicts the progress of a chemical reaction 
or of the solution of a crystalloid 

This is the type of relationship which I have previously found to 
subsist between the mass of casein dissolved by dilute alkali and the 
period during which the casein is in contact with the solvent 2 
It is the relationship which Cameron and Bell 3 and, later, Ostwald 
and Goppelsroeder 4 found to subsist between the amount of fluid 
absorbed by a column of sand or of a strip of filter paper and the 
time during which the fluid has remained m contact with a portion 
of its surface This relationship may be expressed by the formula 
x = Kt m , where x is the amount of fluid absorbed (or casein dis- 
solved, or salmine extracted) and t is the time, K and m being 
constants In the accompanying table the values of x found m 
the above experiment and those calculated from the formula are 
compared, the constants K and m being determined from all of 
the observations by the method of least squares, employing for 
this purpose the form 

logiox = m log, 0 < + logm/C 

The possible experimental error in the determination of the 
concentration of a salmine solution by means of its refractive index 
(due to an error of ± 1' in reading the angle of total reflection) 
is ± 0 05 gram per 100 cc It will be seen that the differences 
( = A) between the observed and calculated values of x are con- 
siderably less than the possible error in the determination of the 
concentration of the salmine in the filtrates 
The extreme rapidity with which the salmine leaves the tissue 
in the first few moments of the extraction and the slowness with 
which the remaining amount is extracted, very vividly remind 
one of the extreme velocity with which, during the first instants, 
a hquid mounts a capillary tube and of the exceedingly slow 
“creeping” of the liquid up the sides of the tube which is still 

5 T Brailsford Robertson Journ of Physical Chem , xiv, p 377, 1910 
* Cameron and Bell Bulletin No 30, p 50 Bureau of Soils, U S Dept 
of Agriculture, 1905, Journ of Physical Chem x, p 65S, 1906 
4 Wo Ostwald Zeitschr f Kolloidchemic (2 Supplementheft) 1908, F 
Goppelsroeder Verhandl naturforsch Gesellsch zu Basel \i\, Heft 2, 1907 


THE JOURNAL OF BIOLOGICAL CHEMISTRY \ OL XI\ VO 3 



242 


Chemical Analysis of Human Bile 


Analyi 
Results are exprese 


observers 


Sourco 


Bile salts 

Mucin and pigment 

Cholesterol 

Fat 

Soaps 

Lecithin 

Total solids 

Inorganic 

Water 

Fatty acids 


r re mens 4 


Bladder bilo 


72 2 
20 0 
1 0 
3 2 


140 0 
6 5 
800 0 


91 4 
29 8 
2 0 
9 2 


148 0 
7 7 
859 2 


QORUP-DESANEZ* 

HOPPE 

SETLER 1 

Bladder bile 

Bladder 

bile 

107 9 

56 5 


39 0 

22 1 

14 5 


12 9 


| 30 9 


3 5 

| 4 - 3 


7 3 




13 9 




5 3 

177 3 

101 9 



10 8 

6 3 


37 6 


898 1 



ROBSON 11 

PATON A HALFOtJR 1 * 

Biliary 

fistula 

Biliary fistula 

7 0 

4 0 


3 5 

1 3 

7 1 


4 6 

0 45 

0 53 



0 12 

0 09 


. 0 75 

0 97 

0 15 


18 0 

11 9 


15 3 

7 0 



6 4 

981 9 

9S8 0 


9S4 8 


OBSERVERS 


Source 


COPEUAN A 
WINSTON 11 


YEO A 
HIERROON 1 * 


Biliary 

fistula 


Biliary 

fistula 

(cancer) 


0 3 
2 5 

> 1 0 

14 23 
4 5 
985 0 


Bile salts 

Mucin and pigments 
Cholesterol 
Fat 
Soaps 
Lecithin 
Total solids 
Inorganic 
Water 
Fatty acids 


1 1ncludes lecithin and fatty nolds 


2 2 
1 5 

0 38| 

12 8 
8 8 
987 2 


* Ann f d ges Heilh v p 42, 1845 

1 Vtcrleljahresehr f prakl Pharmakol , m, P 80 1851 

• Hoppe-Seyler Physiologische Chemie, 1877-1881, PP 
« Journ of Physiol x, p 213, 1889 

n "[fad v p 1884 

1891 
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'Human bile 

larts per 1000 (by weight) 


JACOBSEN 7 

TRIFANOW8KI® 

HAMMARSTEN* 

BAGINSKT a 
SOMMER 
FELD 10 

BIRCH A 
8PONQ 17 


Bladder 
bile vari 
oua diseases 

Bladder 

bile 

Liver bile 

Bladder 

bile 

children 

Bladder 

bile 

10 1 

28 0 

19 6 

9 31 

18 2 

9 04 

25 2 

0 

2 3 

24 8 

13 0 

5 29 

4 29 

5 15 

20 0 

12 1 

0 6 

2 5 

3 3 

0 63 

1 6 

1 5 

3 4 


0 1 

5 2f 

3 6 

0 22 f 

0 57 

0 65 

6 7 


1 4 

8 2 

16 3 


1 36J 

1 01| 



0 05 


0 17 


0 57 

0 65 



22 6 

91 2 

89 2 

25 2 

35 3 

25 4 

103 5 

20 3 

5 78 






9 1 

8 2 

977 4 

909 0 

911 0 

974 8 

964 7 

974 6 

896 5 

979 7 

HAMMARSTEN* 

ZEBROV7* 

SKI 11 

MAJEWBKI A 
ZEBROW- 
8KI 17 

BONNANI 1 * 

JACOBO- 

WITSCH 1 * 

MENZIE6 10 

rosen- 

bloom 

Bladder bile 

Biliary 

fistula 

Bladder 

bile 

Biliary 

fistula 

Bladder 

bile 

(Infants)* 

Biliary 

fistula 

Biliary 

fistula 

97 0 

87 0 

34 3 

167 G 

18 33 

5 5-14 0 

4 2 

10 1 

41 9 

44 4 

11 14 

23 12 

4 97 


9 3 

4 86 

9 86 

8 7 

} 5 16t 

} 21 8f 

1 67 

1 7-3 0 

0 94 

2 61 H 

1 9 

6 5 

0 96 

2 5-9 8f 

2 98 1 

6 85 

11 2§ 

10 6§ 


24 7 




2 6 

2 23 

1 41 



0 58 



6 42 

170 3 

160 2 

112 2 


35 44 

98-145 

22 5 

29 8 



61 3 

88 8 

7 2 

5 2-7 3 

5 8 

9 2 

829 7 

839 8 

887 8 


964 6 

855-900 

974 5 

970 2 





1 37 

0 7-1 0 


1 2 


t Fatty aclda from soaps 
5 Includes fatty acids 

ThlB spec! men contained a trace of cholesterol cetera 


I Ber d deutsch chem Gesellsch , vi, p 1026, 1873 
8 Pfluger’s Archiv, ix, p 492, 1874 

5 Textbook of Physiological Chemistry, 1911, p 413 

10 Verhandl d physiol Gesellsch zu Berlin, 1894-95, Arch f Physiol , 
1895, p 562 

II Journ of Physiol , vm, p 378, 1887 

18 Maly’s Jahresbencht, xxxi, p 546, 1901 

17 Ibid , mu, p 505, 1902 

18 Ibid , xxxn, p 508 1902 

18 Jahrb f Kinderhcilk , xxiv, p 373, 1886 
30 Biochem Journ , vi, p 210, 1912 

























THE BEHAVIOR OF SOME HYDANTOIN DERIVATIVES 
IN METABOLISM II 

2-THIOHYDAKTOINS 
By HOWARD B LEWIS 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven, Conn ) 

(Received for publication, February 11, 1913 ) 

In a former paper, 1 it has been shown that the hydantow nuc- 
leus is excreted unchanged in the urine, when introduced into the 
organism of the cat, rabbit or dog The present study deals with 
the behavior of some thiohydantoms m which sulphur replaces 
the oxygen m the 2-position of the hydantom nucleus 

NH— CO NH— CO 

I I 

C=0 c=s 

I I 

NH — CHj NH— CH 2 

Hydantom 2-Thiohydnntom 

The behavior of compounds containing this type of sulphur 
linkage is especially interesting in view of the recent studies of 
Johnson and his co-workers 2 In these the probable existence of 
sulphur in the protein molecule in forms other than as cystine or 
cysteine groupings is discussed, and the possible occurrence of thio- 
amide sulphur, -NHCS-, corresponding to the acid amide form, 
-NHCC-, present m polypeptides is suggested This type of re- 
placement of oxygen by bivalent sulphur is well represented m the 
thiohydantoms It must be pointed out, however, that the -CS - 
group attached to two nitrogen atoms as in thiohydantoms is much 

1 This Journal, xm, pp 347-56, 1912 

2 Johnson this Journal, i\, pp 331-2, 439-48, 449-63, 1911, \n, pp 175-96, 
1912 
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Behavior of Hydantom Derivatives 


more stable than the -CS- group placed between a nitrogen and a 
carbon atom as m a thioamide, B-CS-NH 2 , or as m dithiopiper- 
azine, the anhydride of the thiopolypeptide, recently prepared by 
Johnson and Burnham 3 In the latter compound the sulphur 
may be readily spht off as hydrogen sulphide by boiling with 
hydrochloric acid 

Since thiohydantoms contain the thioamide type of sulphur 
grouping, a study of the ability of the organism to oxidize and ex- 
crete the sulphur of these compounds should throw some light on 
the possible behavior of similar sulphur groupings, whose presence 
m the protein molecule has been suggested 

It has recently been shown that a compound which closely 
resembles the thiohydantoms may be obtained from the ergot of 
rye Barger and Ewins 4 have found that the base ergothioneme 
isolated from ergot by Tanret 5 is probably the betaine of a-ammo- 
/9-2-thioglyo\ahne-4 (or 5)-propiomc acid 


NH— CH 

I 

C=S 

NH- — C CH 2 CH 2 N(CH 3 ) 3 

I I 

CO— o 
Ergothioneme 


The simplest compound which contains this type -of sulphur 
combination is thiourea, NH 2 -CS-NH 2 , the behavior of which 
has repeatedly been the subject of study 6 Thiourea is non-toxic, 
is excreted unchanged m the urine, and does not increase the oxi- 
dized sulphur content of the urine After the administration of 
thiourea to rabbits, Pohl 7 reports the elimination of an alkyl 


* Johnson and Burnham this J oumal, ix, pp 119-63, 1911 ^ 

« Barger and Ewins Joum of Chem Soc (London), xeix, pp 2336-41, 

1911 

1 Tanret Journ dc pharm et de chim , xxx, pp 145-53, 1909, Compt 
701 d del’ Acad des Sci , cxlix, pp 222-24,1909 > 

‘Cf Lange Inaugural Dissertation, Rostock, 1S92, Jahresbcr u d 
ForUdi d Thierchem , xxn, P 67, 1892, Sato Zeitschr f physiol Chem , 
tan.pp 378-96, 1909, Masuda ibid, Ixvn, p 28, 1910 

Arch f exp Palh « Pharm , li, pp 341-45, 1904. 
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sulphide, probably ethyl sulphide, in the breath No sulphide 
could be detected in the urine The greater part of the thiourea 
was excreted unchanged and only a few milligrams of alkyl sul- 
phide were obtained from the expired air 
In the present work, two preliminary experiments m which 2 
grams of thiourea were injected subcutaneously into rabbits were 
made In confirmation of the work of Pohl, a peculiar garlic-like 
odor was observed in the breath five hours after the injection, 
but no alkyl sulphide could be obtained from the urines by the 
method of Abel 8 The total sulphate-sulphur content of the urine 
was unchanged, while the “neutral sulphur” was increased m pro- 
portion to the amount of sulphur injected as thiourea The urines 
of the experimental days gave strong reactions with potassium 
ferrocyanide and acetic acid, as described for thiourea by Sato 9 
No toxic effects were apparent 

In the experiments to be recorded with the thiohydantoms the 
animals used were, with one exception, rabbits, which were main- 
tained on a uniform diet of carrots and oats The urine was col- 
lected from the bladder by gentle pressure at the same hour daily 
The substances, when fed, were dissolved m water and intro- 
duced through a stomach tube The routine analytical proce- 
dures included the Kjeldahl-Gunnmg method for total nitrogen, 
Folrn’s method for total sulphate-sulphur, and Benedict's methods 10 
for urea and total sulphur “Neutral sulphur” was obtained by 
difference It is of interest to note that all of the compounds 
studied give the color reaction with phosphotungstic acid and 
sodium carbonate described by Folin for uric acid 

2-Thiohydantoin 

NH— CO 

I 

C=S 

I 

NH— CH 2 


8 Abel Zeitschr f physiol Chem , xx, pp 253-78, 1895 

• Sato Biochem Zeitschr , xxm, pp 45-6, 1910 

10 S B, Benedict this Journal, vi, pp 363-71, 1909 (total sulphur), 
ibid , vui, pp 405-22, 1910 (urea) 
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This compound was prepared from hippunc acid and ammonium 
thiocyanate as described by Johnson and Nicolet 11 Its punty 
vas established by its melting point (226-7°) and a Kjeldahl 
nitrogen determination (24 12 per cent N) The compound had 
a slight red-yellow color and when dissolved m water gave a 
yellowish solution With picric acid and an alkah a color resem- 
bling that given by creatinine m Jaffa's test was obtained 
The substance proved to be toxic for rabbits, doses of 0 5 gram 
causing death within twelve hours The most noticeable symp- 
toms were loss of muscular control and power of co-ordination, 
dyspnoea and convulsions The degree of toxicity is shown by 
the following illustrative protocol and the accompanying table (I) 
which summarizes all the results obtained 

Rabbit 14 V eight 1 4 kgms S 30 a m Received 0 5 gram of 2-thio 
hjdantoin subcutancouslj Resumed eating on return to cage 

9 00 Has stopped eating 

10 00 Apparently normal 

11 00 Apparently normal except for slightly increased respiration 

IS 00 Restless Poor control of hind legs Tremors Rapid respira- 
tion 

1 00 Lack of coordination Control of hind legs lost Dyspnoea 

S 00 An occasional convulsion 

2 55 More quiet Convulsions less frequent Dyspnoea 

3 10 Urinates Urine deep orange red 

3 45 Violent convulsions, dyspnoea Pupils very greatly dilated 

J, 00 Dead 

Autopsy Muscles stained yellow red at point of injection Fluid all 
absorbed Viscera appear normal Bladder empty Lungs and heart 
congested 

Examination of Urine Color deep orange red Jaffa’s picric acid test 
very brilliant Albumin test negative Reduction test with Benedict’s 
solution gives a black precipitate of copper sulphide 


n Johnson and Nicolet Journ Amcr Chcm Soc , xxv.n, p 1973, 1911, 
Johnson Amcr Chem Joum , xlix, pp 68-9, 1913 
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TABLE I 

Toxicity of 2-Thiohydantoin 


ANIMAL 

*V\ E1GI1T 

1 DOSE PER 
j KOM 

METHOD OP 
ADMIMSTR^TION 

I 

RESULTS 


Ignis 

grams 

1 

1 

Rabbit 12 

' 1 70 

1 17 

per os 

Death in 31 hours 

Rabbit 13 

, 1 67 

0 59 

per os 

Death in 44 hours 

Rabbit 14 

i 1 40 

I 0 31 

subcutaneousl} 

Death in 7 X hours 

Rabbit 15 

I 1 5S 

0 125 

Isubcutaneously Death in 24 hours 

Rabbit 1G 

1 1 48 

; 0 066 

subcutaneouslj 

j Refused food for 2 days 
Restless Recovered 

Rabbit 19 

1 1 SO 

0 277 i 

subcutaneous!} 

i Preparation 2 * Death 

I in hours 

Rabbit 22 

1 1 92 

l 

1 

1 0 2 GO 

| 

(subcutaneously 

J Preparation 3 * Death 
9J houis 

Rabbit 27 

! 1 7S 

j 0 056 

subcutaneously! 

Recovery Refuses food 
for two da>s 

Jtftibbit 2S | 

] 

1 63 

1 0 061 

! 

subcutaneousl} ' 

1 

Recovery Refuses food 
for two dn}s 

Rabbit 29 

1 70 

0 088 

subcutaneously Recovery Refuses food 
for two days 

Cat C 

3 50 

0 157 

per os j 

Death in S hours 


* After the earlier experiments had shown the marked toxicity a new preparation £ y .03 pre 
pared and especially purified Preparation 5 was a preparation used in experiments 1th rab 
bits 19 22 27 and 29 and cat C especially purified by Mr Ben H Nlcoletto whom I am 
Indebted for this and other assistance 

The toxicity of this compound must be attributed to the sulphur 
which replaces the oxygen in the hydantom nucleus While 
approximately 0 125* gram per kilo body weight is the lethal dose 
for the thiohydantoms, amounts of over 1 5 grams of hydantom 
per kilo have been fed to rabbits without any toxic effects 
It was first planned to study the distribution of sulphur m the 
urine after the administration of the thiohydantom m order to 
note any oxidation of the sulphur But the relatively small size 
of the dose which is necessary to prevent a fatal outcome of the 
experiment made such a study unpromising An attempt was 
made m the case of rabbits 22, 27, 28, 29, and cat C to identify the 
unchanged thiohydantom in the urme 

Many attempts to isolate the thiohydantom as such were un- 
successful At length a method of procedure was adopted 
which, while it gave positive evidence of the presence of unchanged 
thiohydantom in the urine, did not furnish absolute proof Thio- 
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hydantoms when boiled with chloroacetic acid are desulphurized 12 
nith the formation of hydantoms and thioglycolhc acid The 
latter acid may be detected by a delicate color reaction described 
by Heffter 13 A very dilute solution of thioglycolhc acid gives, 
on the addition of sodium nitroprusside and ah alkali, a purple- 
red color, changing quickly to brown-red and soon disappearing 
This reaction is also given by the alkyl sulphides, ethyl and benzyl 
mercaptans, cysteine, a- and /S-thiolactic acids and thiophenol 

The urines were first tested for this reaction before treatment 
with chloroacetic acid to rule out the presence of the alkali sul- 
phides and the other above-mentioned compounds which give 
tlus reaction In no case was any purple color obtained from the 
dilute urine The urine was then concentrated on the water bath 
to small volume, 2-3 grams of chloroacetic acid added, and the 
mixture boiled with a return condenser from four to six hours 
The contents of the flask were cooled, treated with animal charcoal 
to decolorize, and the color reaction carried out In all the experi- 
mental urines the reaction was positive Normal urines wluch 
were treated in the same manner never gave positive reactions To 
avoid the color of the urine, which interfered with a dehcate test, 
the liquid after boiling with chloroacetic acid was m some cases 
evaporated to dryness and extracted with ether, in which thio- 
glycollic acid is soluble The ether was then removed by evapora- 
tion, the residue taken up in water, and the color reaction carried 
out The reactions were more brilliant when the test was per- 
formed in this way 

While the possibility that there may be other compounds formed 
in the body, wluch yield thioglycolhc acid on boiling with chloro- 
acetic acid, is not entirely excluded, the demonstration of the pres- 
enceof thioglycolhc acid afterthe chloroacetic acid treatment in the 
experimental urines gives a strong indication of the presence of un- 
changed thiohydantom 2-Thiohydantoin, like hydantom, is elim- 
inated probably unchanged by the rabbit Unlike hydantom it 
is very toxic for rabbits, 0 125 gram per kilo being a lethal dose 


1 Johnson, Pfau and Hodge Journ Amer Chem Soc , xxxiv, pp 1041-48, 
312 

u HctttcT lledizin -nalurmss Archiv, i, p 81, 190S 
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2-Tho-^-methylhydantoin 

NH—CO 

I 

c=s 

,1 

|NH— CH CH 3 

2-Thio-4-methylhydantoin was prepared by the action of 
ammonium thiocyanate on alanine as described by Johnson 14 
Its purity was shown by its meltmg point (161°) and a Kjeldahl 
mtrogen determination (21 53 per cent N) 
2-Thio-4-methylhydantom was toxic for rabbits although far 
less so than the 2-thiohydantom The lethal dose was 0 6 gram 
per kilo body weight, or more than three times that of 2-thio- 
hydantoin The symptoms were very similar to those produced 
by the 2-thiohydantoin, although the convulsions were less severe 
than with the latter Most marked was the intense albuminuria 
m all those cases m which the fatal dose was given A study of 
the typical protocol given below, together with the tabular sum- 
mary (table II), will best serve to illustrate the toxicity 

Rabbit 34 Weight 1 7 kilos Dec IS, 8 SO am Received 1 gram of 
2-thio-4-methylhydantoin subcutaneously 
11 00 Drowsy -Sits with eyes closed 
IS 00 Tremors Runs excitedly around cage when roused 
5 00 Very excitable Runs around cage Occasional convulsions 
5 00 Quiet 

December IS 8 00 am Drowsy Urine deep yellow Protein tests 
positive (Heller’s, picric acid, heat coagulation) No casts 
Animal quiet all day Ate no food 

Dec 14 8 00 am Animal dead in cage Body still warm Urine, 

protein test strongly positive 

Autopsy revealed nothing abnormal 


14 Johnson this Journal, \i, pp 97—101, 1912, Amer Chem Journ , xlix, 
pp 68-9, 1913 
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TABLE II 


Toxicity of S-T hio-4-M cthylhydanloin 


AMMAL 

j WEIOIIT 

DOSE TEH 
KOM j 

[ METHOD OF 

1 ADMLVJSTIUTION 

JtESULTS 


kgms 

Qrama | 



Rabbit 20 

2 1 

0 25 I 

per os 

No symptoms 

Rabbit 21 

! io 

0 25 

subcutaneously 

No symptoms 

Rabbit 20 

1 2 I 

I 

0 50 ! 

I 

per os 

Restless Refuses food 
for two dnj s 

Rabbit 31 

i 

1 1 ° 

0 93 |i 

; t 

subcutaneously 

Death in 31 hours Al- 
bumin test positive 

Rabbit 33 

i 1 2 1 

0 S3 subcutaneously 

Death in 1£ hours 

R lbbit 31 

17 ! 

0 58 subcutaneous!} 

! 

Death in 2 days Al- 
bumin test positive 

Rabbit 35 ' 

1 8 

0 G9 | 

per os j 

Death in 5£ hours Al- 
bumin test positive 

Rabbit 30 

1 7 

0 58 | per os 

1 

Death in 3 days Al- 
bumin test negative 


No attempt was made to identify the unchanged tlnohydantom 
in the urine 

The chief interest in the above experiments lies m the lowered 
toxicity of the sulphur hydantoms due to the substitution of a 
methyl group for one hydrogen in the 4-position 


2-Thiohydantmn-Jf-acelic acid 

NH— CO 

I 

C=S 

I 

NH — CH — CHj — COOH 

This hydantom was prepared from ammonium thiocyanate and 
asparagine as described by Johnson and Guest 16 A determination 
of its melting point (222°) and mtrogen content (16 09 per cent N) 
shoved its purity This compound is rather difficultly soluble in 
water, hence m the experiments in which it was used sodium car- 
bonate was added to form the sodium salt which is more soluble 

« Johnson and Guest Amer Chem Journ , xlvni, pp 10S-9, 1912, John- 
son ilnd , xhx, pp 6S-9, 1913 
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After several preliminary experiments had shown that 2-thio- 
hydantoin^f-acetic acid was non-toxic for rabbits and that as large 
a dose as 2 grams had no obvious effects on the animal, a study of 
the sulphur elimination and distribution in the urine was made 
Rabbit SO Daily diet, 250 grams of carrots and 25 grams of 
oats This was completely consumed On the day of the injec- 
tion the animal showed no symptoms, except a refusal to eat for 
several hours On the fourth day, a subcutaneous injection of 
2 grams of 2-thiohydantoin-4-acetic acid was made (N content 
= 0 321 gram, S content = 0 368 gram) The protocol follows 


Rabbit SO, Weight, 1 69 hgms 


VOLXTUE 

sPEcrnc 

GRAV- 

m 

TOTAL 

N 

UREA 

+NH,-N 

UREA 

-f NHj— N 

N NOT UREA 

+ NHl-N 

TOTAL 

S 

TOTAL 

SO* 

s 

NEC 
TRAL S 

TOTAL 

SO, 

s 

neutral 

s 

Total N 

cc 


gram 

gram 

per cent 

gram 

gram 

gram 

gram 

per cent 

per cent 

85 

1 040 

0 675 

0 555 

82 2 

0 120 

0 0667 

0 0575 

0 0092 

86 2 

13 8 

125 

1 020 

0 720 

0 615 

85 4 

0 105 

0 0642 

0 0536 

0 0106 

81 9 

18 1 

125 

1 030 

0 570 

0 465 

81 7 

0 105 

0 0629 0 0497 

0 0132 

79 0 

21 0 

100 

1 040 

1 088 

0 735 

67 E 

0 353 

0 3478 0 0306 

0 3172 

8 8 

91 2 

125 

1 023 

0 705 

0 570 

80 8 

0 135 

0 0567 0 0371 

0 0196 

65 4 

34 6 


Rabbit Jfl Diet, 25 grams of oats and 250 grams of carrots 
This diet was consumed as usual on the day of the administration 
of the 2-thiohydantom-4-acetic acid On the fourth day 1 75 
grams of 2-thiohydantoin-4-acetic acid were given per os (S con- 
tent = 0 322 gm ) No toxic symptoms were noted The proto- 
col follows 


Rabbit 40 Weight 1 82 hgms 


DATE 

1 

VOLUME 

SPECIFIC 

ORAVIT1 

' TOTAL ( 

S 1 

1 

CC 


gram | 

1 

100 

1 015 

0 0718 

2 

180 

1 014 

0 0767 

3 | 

150 

1 020 

0 1167 

4 

160 

' 1 023 

0 2824 

5 

80 

1 036 

0 1596 i 

6 

160 

1 1 015 1 

0 0980 , 

7 

160 

1 019 ' 

0 0946 


TOTKI* 

SOi 

s 

NEUTRAL 

1 S 

1 _ . . 

SO, 

s 

NEUTRAL 

S 

gram 

gram 

per cent 

per cent 

0 0561 

0 0157 

78 1 

21 9 

0 0566 

0 0201 

74 S 

26 2 

0 0S09 

0 0358 

69 3 

| 30 7 

0 0581 

0 2244 

20 6 

79 5 

0 0790 

0 0806 

49 5 

50 5 

0 0691 

0 0289 

70 5 

29 5 

0 0728 

0 0218 

77 0 

23 0 
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In a third experiment in which 1 75 grams of 2-thiohydantom- 
4-aceticacid were given per os to a rabbit of 1 5 kilos, similar results 
were obtained, the “neutral sulphur” rising from a preliminary 
n\ erage of 23 2 per cent to 88 8 per cent on the day of the injection 
In these three experiments on rabbits there was no evidence of 
an oxidation of the sulphur by the organism, a reaction which 
should result in an increased total sulphate-sulphur elimination 
In no case was the sulphate-sulphur increased on the day of the 
injection In each instance, however, the “neutral sulphur” 
elimination was increased in proportion to the amount of sulphur 
given as 2-thiohydantoin^-acetic acid No attempt was made 
to recover the unchanged hydantom from the urine 
It is interesting to note that these results, which show that the 
sulphur m this type of combination is not oxidized by the organism, 
are m agreement with the results obtained by Steudel 16 and Mendel 
and Myers 17 The former working with 2-thio-4-methyluracil 
found that it was excreted unchanged by the organism of the dog 
The latter studied the distribution of sulphur m the urine after 
the administration of 2-thiouracil to rabbits and found no increase 
in the oxidized sulphur, but a marked increase in the “neutral 
sulphur” of the urine These findings all agree in demonstrating 
the stability of thioamide sulphur in the organism 

Experiments on rabbits m which doses of 0 44 and 0 79 gram per 
kilo of 2-thiohydantoin-4-acetamide were given per os to rabbits 
demonstrated that m such amounts this substance is non-toxic 
for rabbits 

The lack of toxicity of 2-thiohydantom-4-acetie acid for the 
rabbit would seem to indicate that the substitution of alkyl groups 
or their oxidation products for a hydrogen in the 4-position dimin- 
ishes the toxicity shown by the sulphur m 2-thiohydantoin The 
increase in the molecular weight of the substituted alkyl group, m 
the substances studied at least, gradually decreases the toxicity 
Thus the lethal dose of the unsubstituted thiohydantom was found 
to be about 0 125 gram, the substitution of a methyl group raised 
the fatal dose to 0 6 gram, while substitution of an acetic acid or 
acetamide group caused a loss of toxicity It is of interest to knov 
■whether tlus theory of decreased toxicity wdl be confirmed by a 

" Stcudcl Zeilschr f physiol Chem , xwx, pp 13 (M2, 1S03 

11 Mendel rad Myers Amer Journ of Physiol, xxvi, pp 7 - > 
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study of the effect of other radicals, substituted both in the 4-posi- 
tion as m the compounds studied and m other positions m the ring 
An investigation of the effects of such substitution is proposed 


SUMMARY 

2-Thiohydantom is toxic for rabbits The substitution of an 
alkyl group in the 4-position decreases the toxicity 2-Thio- 
4-methylhydantoin is less toxic than 2-thiohydantoin, while 2- 
thiohydantoin-4-acetic acid is not toxic in doses of 2 grams 
2-Thio-4-methylhydantom in fatal doses causes an albuminuria 
in rabbits The sulphur contained in 2-thiohydantoms is not 
oxidized m the organism of the rabbit, but is excreted probably 
unchanged 

I wish to acknowledge my indebtedness to Professor Lafayette B 
Mendel under whose direction this work has been carried out and 
to Professor Treat B Johnson who has aided in the questions of 
organic chemistry involved 


ADDENDUM 


Through the courtesy of Professor Treat B Johnson, a study of 
one of the thiopolypeptides already referred to was made possible 
The compound with which the experiments were carried out was 
dithiodimetkylpiperazine, the preparation and properties of winch 
will be described in a later paper from Professor Johnson’s labora- 
tory The new compound is very insoluble in water and was admin- 
istered as the sodium salt It was first suspended in water, sodium 
hydroxide added m the cold until solution took place, and the 
whole immediately neutralized These precautions were made 
necessary because of the ease with which dithiochmethylpiperazine 
splits off sulphur m the presence of free alkali As has already 
been pointed out, this thioamide type of sulphur combination is 
very unstable 

The relation of this thiopolypeptide derivative to the thio- 
hydantoins which have been shown to be toxic may be seen from a 
comparison of the structural formulae 


NH CH CHs 

I I 

c=s c=s 

I I 

CH 3 CH NH 

Dithiochmethylpiperazine 


NH CO 

I 

c=s 

I 

NH CH CH 3 

2-Thio-4-methylhydantoin 
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Behavior of Hydantom Derivatives 

Two -CS NH CH CH 3 groupings make up the thiopolypeptide 
derivative This same grouping occurs once in the thiohydantom 
Hence from a theoretical standpoint, the toxicity of the thiopip- 
erazine derivative should be greater than that of the thiohydan- 
tom This was found to be the case Two typical protocols 
follow 

Rabbit 43 Weight 1 70 kg ms 10 07 am Received 0 3 gram (= 0176 
gram per kilogram body weight) dithiodimcthylpiperazine, prepared as 
described above, subcutaneously 
10 SS Tremors Very restless Dyspnoea 
10 SO Slight convulsions 

10SS Dyspnoea very marked Animal gasps, gnashes teeth 
10 40 Tremors more marked Pupils widely dilated 
10 45 Animal has a very -violent convulsion m the course of which it 
forces open the cover of the cage Immediately following tetanic symptoms, 
not clonic, appear 

10B5 Convulsions very frequent As animal was apparently dying ether 
was given to neutralize the effects of convulsions Animal became quiet 
immediately and on being allowed to recover from the anesthesia showed 
convulsions again 

IS 05 The animal had been etherized for more than an hour, but the 
increasing violence and frequency of the convulsions made deeper anesthe- 
sia constantly necessary The animal was now allowed to recover from 
anesthesia Immediately, extreme dyspnoea, labored breathing and con- 
vulsions began 
IS SB Very weak 
1 15 Dead 

Autopsy Nothing abnormal Urine trace of albumin 
Rabbit 45 Weight 1 8 kgms 9 00 am Received 0 3 gram dithiodi- 
methj lpipcrazine prepared as described above per os 
9 07 Tremors 
9 10 Convulsions 
9 15 Lies on side in convulsions 
0 S3 Extreme dyspnoea 

9 3S Very weak 

10 00 Death 

Autopsy Nothing abnormal except congested heart and lungs 

The close parallelism between the symptoms above described 
and those produced by alkali sulphides or hydrogen sulphide 
immediately suggests that an explanation of the toxicity may be 
found m the liberation of sulphides m the organism from the un- 
stable sulphur linkage Further investigations on this substance 
are in progress 



ON CEREBRONIC ACID 


SECOND PAPER 

BiP A LEVENE and C J WEST 
(From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, February 19, 1913 ) 

On the basis of experiments published m a previous communica- 
tion Levene and Jacobs 1 reached the view that cerebrome acid 
had the structure of an a-hydroxypentacosanic cid On reduc- 
tion the acid formed a hydrocarbon melting at 54°-57°C The 
melting point for the normal pentacosan, according to Krafft and 
Marie, should be 53 5°~54° Hence it remained uncertain whether 
the discrepancy in the meltmg points was due to the fact that the 
hydrocarbon obtained from cerebrome acid contained some im- 
purity or to a structural difference m the normal pentacosan and 
m the hydrocarbon obtained from cerebrome acid It was, there- 
fore, concluded to prepare a larger quantity of the material, which 
would permit of a more perfect purification of the hydrocarbon 

This was accomplished with the result that on reduction of 
cerebrome acid a hydrocarbon was obtained that melted at 53°~ 
54°C , which harmonizes with the meltmg point corresponding to 
the normal pentacosan 

The normal nature of the carbon chain of cerebrome acid was 
corroborated further by the fact that the acid, QMIisO;, obtained 
on the oxidation of the former was reduced to a hydrocarbon melt- 
mg at 51°-52°C , and that Krafft found 51 1°C to be the meltmg 
point of the normal tetracosan Hence, it may be considered 
proven that cerebrome acid is a normal a-hydroxypentacosamc 
acid 

In course of the present investigation great care was taken in 
establishing the exact condition for preparation of the most impor- 
tant derivatives of the acid, also of the methods of separation and 
of purification of the acid 

1 This Journal, xn, p 381, 1912 
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Cerebromc Acid 


EXPERIMENTAL PART 

Preparation of cerebromc acid 

The mixture of cerebromc acid and ester obtained from the 
hydrolysis of cerebrme 2 is heated with an excess of alcoholic 
sodium hydroxide for four hours, during which most of the sodium 
salt separates out The mixture is cooled, the soaps filtered off 
and washed with methyl alcohol and ether The sodium salt is 
then recrystalhzed from boiling ethyl or methyl alcohol The 
cerebromc acid is liberated by suspending the salt m dilute hydro- 
chloric acid and heating on the water bath until the free acid has 
completely melted When cold this is filtered off, recrystalhzed 
from alcohol and the excess of alcohol removed by melting in 
vacuum on the water bath The product thus obtained is pure 
enough for most operations It will not, however, give sharp val- 
ues when titrated to determine the molecular weight The acid 
used for this purpose must be further purified through the lead 
salt The hot methyl alcoholic solution of the acid is treated 
with a hot solution of lead acetate in the same solvent as long as a 
precipitate forms Finally a few drops of concentrated ammonia 
are added to neutralize the free acetic acid After being cooled 
the lead salt is filtered off and washed with a little warm methyl 
alcohol It is then suspended in warm, dry toluene and decom- 
posed by treating with hydrogen sulphide for two hours The 
mixture should be kept warm on a water bath and constantly 
stirred during this time The lead sulphide is allowed to settle, 
the toluene solution of the acid filtered off, the sulphide washed 
with warm toluene and the filtrate concentrated in vacuum 
The colorless residue is then recrystalhzed from absolute alcohol 
and the excess of alcohol removed on the steam bath If ammonia 
is not added in the precipitation of the lead salt the sulphide may 
come down in a colloidal form In this case, the entire mixture 
is concentrated in vacuum and the acid extracted from the residue 
with a large quantity of boiling alcohol 

The acid thus prepared melted at 77°-80° and, therefore, con- 
sisted principally of the inactive form When fractionated with 
lithium acetate in methyl alcohol into three factions, each fraction, 

J Lcvcnc and Jacobs loc cit , p 383 
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before recrystalhzation, melted at 76°-7 7° and, when recrysta 1- 
lized from petroleum ether, melted at 83°-84° This is the melting 
point found for the inactive form and reported m a previous paper 

0 1200 gram of the substance gave 0 3330 gram CO 2 and 0 1350 gram H 3 0 

1 7115 grams of the acid dissolved in a mixture of benzene and pure 
methyl alcohol required 43 cc of -nr NaOH for neutralization, using phenol- 
phthalcin as an indicator 

0 4802 gram of the acid, as above, required 12 15 cc of yj- NaOH for neu- 
tralization 

Calculated for 

CjsHmOj Found 

C 75 33 75 68 

H 12 50 12 SO 


M W 


398 398 395 


Salts of cerebromc acid 

Salts The sodium and lithium salts were prepared and their 
solubilities studied in order to find the best solvent for purification 
and also to establish the conditions for the separation of the oxi- 
dation product of cerebromc acid from the unchanged acid (see 
below) The determinations were carried out as follows The 
salt was treated with an excess of the boiling solvent, the saturated 
solution was filtered off, using a hot funnel, and allowed to stand 
in the ice box over night The precipitate was filtered off, dried 
and weighed The residue from the filtrate was also determined 
This gave the total solubility, the amount that could be obtained 
m recrystalhzation and the solubility at 0° 

Sodium, salt 3 Solubilities 140 cc of boiling methyl alcohol, 
saturated with the sodium salt, deposited, upon cooling to 0°, 

1 47 grams 20 cc of the filtrate, saturated at 0°, gave a residue 
of 0 09 gram upon evaporation to dryness 

110 cc of ethyl alcohol, as above, deposited 2 094 grams 20 
cc of the filtrate gave a residue of 0 032 gram 
Therefore, 100 cc of boiling methyl alcohol takes up 1 50 grams 
of the sodium salt At 0° it contains 0 45 gram 

100 cc of boihng ethyl alcohol contains 2 06 grams, at 0°, 0 16 
gram 

’ Thierfelder Zeitschr f physiol Chem , xlm, p 26, 1904-05 
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Cerebromc Acid 


Ana ns sis 0 1125 gram of the substance gave 0 2931 gram COj and 0 1196 
gram H 2 0 

Calculated /or 
CjiHuOjNa Found 

c 7119 71 06 

11 11 72 11 90 

Lithium salt Solubilities 100 cc of boiling methyl alcohol 
takes up 3 46 grams of the salt, while at 0° it contains 0 235 gram 
100 cc of ethyl alcohol at its boiling point tabes up 1 42 grams of 
the salt and at 0° contains 0 39 gram 


Analysis 0 1448 gram substance gave 0 3928 gram COj and 0 1593 gram 
HjO 

Calculated for 
CuHoOiLl Found 

C 74 18 74 00 

H 12 21 12 31 


Inactive ethyl ester 

Thudiehum 4 describes an ethyl ester of neurostearic acid (cere- 
bronic acid) which he obtained from the hydrolysis of phrenosine 
(cerebrine) with ethyl alcohol and sulphuric acid This product 
melted at 56° but when distilled in vacuum melted at 52° Since 
the acid derived from this melted at 84° it must have been the 
inactive ester We prepared the ester from the inactive acid as 
follows 10 grams of the acid were dissolved m 500 cc absolute 
ethyl alcohol, 10 cc concentrated sulphuric acid added and the 
mixture heated on the water bath for seven hours Upon stand- 
ing over night at 0° the ester almost completely separates out 
This was recrystalkzed from alcohol containing sulphuric acid, 
then from absolute alcohol and finally from dry acetone It is 
very soluble in ethyl acetate, from which it separates in large glis- 
tening crystals The ester melted at 52°-53° and solidified at 51 °- 
52° For analysis the product was dried three hours in a chloro- 
form bath over sulphuric acid 

0 1128 gram substance gave 0 3142 gram CO 2 and 0 1 265 gram HjO 

Calculated for 
CuHttOi CaH* Found 

r 75 79 75 98 

TT 12 55 12 75 


* Thudiehum Chemical Constitution of the Brain, p 162, German edition, 
p 195 
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Acetate of the ethyl ester, CsaHjjCHCOCOCI^COsCsHs 

Two grams of the ethyl ester were dissolved m 40 cc of acetic 
anhydride and heated to gentle boiling for an hour Upon cool- 
ing the reaction product crystallized out This was recrystal- 
hzed from acetone and twice from petroleum ether It forms color- 
less crystals, which melt at 55°-57° and solidify at 53°-55° It 
was dried in the chloroform bath for analysis 

0 1336 gram of substance gave 0 3630 gram COj and 0 1457 gram H O 

Calculated for 

CaHwO* Found 

C 74 28 74 16 

H 12 05 12 19 

Mane 6 describes a simdar compound which was obtained by the 
action of lead acetate upon the ethyl Qster of bromocerotic acid 
and to which he ascribes the above formula This melted at 57°- 
58° Since then it has been claimed that cerotjc acid contains 
twenty-six carbon atoms, if this is so, then the two compounds 
are not identical The question will be investigated further 

Inactive methyl ester 

Thierfelder 6 describes a methyl ester of cerebronic acid, which 
he obtained m the hydrolysis of cerebrme and which gave upon 
hydrolysis an acid melting at I00°-101° This ester melted at 65°, 
and was probably either the active form or a mixture of the active 
with the inactive The inactive ester was prepared by boiling a 
solution of 5 grams of the inactive acid in 500 cc of absolute methyl 
alcohol, which contained 5 cc of concentrated sulphuric acid, for 
five hours The ester which separated out upon standing over 
night was recrystalhzed from methyl alcohol, petroleum ether 
and finally acetone and formed colorless crystals, which melted at 
59°— 60° and solidified at 57°— 58° It was dried m the chloroform 
bath for analysis 

0 1120 gram substance gave 0 3096 gram CO 2 and 0 1281 gram HiO 

Calculated for 

CtiH«Oj CH, Found 

C 75 65 75 39 

H 12 71 12 SO 


f Marie Ann de chxm el de phys , (7), vu, p 228, 1896, Bull de la soc 
chtm , xv, p 577, 1896 
* Zeitschr f physiol Chem , xliv, p 367, 1905 



262 


Cerebromc Acid 

Acetyl cerebromc and 


Tbierfelder 7 attempted to prepare acetyl cerebromc acid by the 
action of acetyl chloride upon cerebromc acid, he was not able to 
isolate the free acid in a crystalline condition, but analyzed it as 
the sodium salt By the use of acetic anhydride the reaction is 
smooth and the product easy of isolation 
Two grams of cerebromc acid and 30 cc of acetic anhydride 
were heated under a reflux for two hours Upon cooling the solu- 
tion the acetylated acid separated out m a crystalline condition 
This was filtered m the ice box, washed with cold alcohol several 
times to remove the acetic anhydride and twice recrystalhzed 
from petroleum ether It is easily soluble in nearly all orgamc 
solvents Acetyl cerebromc acid is a white crystalline solid, which 
melts at 555°-56° and solidifies at 53°-54° Since the inactive acid 
was used, this product is the inactive form The active form would 
melt higher 


Analisis 
grain H 5 0 


C 

H 


0 1144 gram of the substance gave 0 3090 gram COi and 0 1240 


Calculated for 

CtjHiiO* Found 

73 57 73 50 

11 90 12 15 


Molecular Weight Estimation 0 2776 gram of the substance, dis- 
solved in pure methyl alcohol and benzene, required 6 3 cc of to NaOH for 
neutralization 

Calculated for 

CrrH» 0< Found 

M W 440 441 


Acettl Determination 0 090S gram of the dried substance was dis 
solved in 10 cc of sodium methylate and 60 cc of pure methyl alcohol, 
equal to 113 6 cc of to HC1, and heated under the reflux for an hour The 
reaction product then required 109 8 cc of to HC1 for neutralization Thus, 
3 8 cc of to NaOH were required in the determination The amount cal- 
culated for the splitting off of one acetyl group and the neutralization of the 
cerebromc acid formed in the reaction is 4 01 cc of to NaOH 


COCH, 


Calculated for 
CjjHaOi CDCHj 

9 76 


Found 

9 27 


» Zeitschr / physio! Chem , xlm, p 27, 1904-05 



P A Levene and C J West 

Oxidation of ccrebromc acid 


263 


This was carried out according to the directions of Levene and 
Jacobs The action takes about two hours on the steam bath, 
this is better than heating with a free flame, m that bumping and 
possible foaming are avoided After the addition of sodium bisul- 
phite, the mixture is acidified, the acids filtered off, dissolved m 
alcohol and changed into the sodium salts The salts from 9 
grams of cerebronic acid are extracted with a liter of boiling methyl 
alcohol The residue is principally the salt of the unchanged 
cerebronic acid The acid obtained from the filtrate is transformed 
into the lithium salt and this extracted with hot alcohol as long as a 
noticeable precipitate forms upon cooling the filtrate Usually 1 
hter is suffic ent The residue is the hthium salt of the new acid 
This is converted into the free acid and purified through the lead 
salt as described above for cerebronic acid It melts at 80°-81° 
The possible identity of this acid with lignocenc acid has already 
been mentioned This will be discussed m a future paper 

0 1196 gram substance gave 0 3428 gram C0 2 and 0 1416 gram H 2 0 

0 5946 gram of the acid, dissolved in methyl alcohol and benzene, required 
15 95 cc of xv NaOH for neutralization 



Calculated for 



CjiHuOj 

Found 

c 

78 20 

78 15 

H 

13 20 

13 15 

M W 

368 

373 


Sodium salt Solubilities 100 cc methjd alcohol contains, at 
its boding point, 2 186 grams, at 0°, 0 243 gram 

100 cc ethyl alcohol contains, at its boiling point, 1 870 grams, 
at 0°, 0 080 gram 

Analysis 0 1004 gram of the substance gave 0 2702 gram C0 2 and 0 1099 
gram H 2 0 

Calculated for 
CiiHirOiNa Tound 

c 73 77 73 40 

H 12 13 12 25 

Lithium salt This salt begins to soften at 172° and melts at 
173-178° (not sharp) 

Solubilities 100 cc boiling ethyl alcohol contains 0 244 
gram, at 0°, 0 06 gram 100 cc boiling methjd alcohol contains 
0 210 grams and at 0°, 0 095 gram 
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Analysis 
gram HjO 


C 

H 


0 1265 gram of the substance gave 0 3576 gram COj and 0 1405 


Calculated for 

Found 

76 92 77 10 

12 65 12 40 


Reduction of cerebronic acid 

Levene and Jacobs obtained a hydrocarbon which had nearly the 
required melting point for pentacosan We have repeated the 
reduction under slightly different conditions and have obtained a 
hj'drocarbon which shows the melting point given for pentacosan 

Lots of 5 grams of cerebronic acid, 25 cc of hydroiodic acid of 
specific gravity 1 96 and 2 grams of red phosphorus were heated 
in sealed tubes at 125°-130° for eight hours The solid contents 
of the tubes were filtered off, after diluting the acid with much 
water In the first experiments the product was crystallized from 
alcohol, and then changed into the sodium salt by dissolving in 
absolute alcohol, neutralizing to phenolphthalem with sodium 
methylate and evaporating to dryness The distillation of the 
sodium salt was accompanied with foaming, however, and so m 
the later experiments the product once crystallized out of alcohol 
w as thoroughly dried in vacuum and distilled m the vacuum of a 
Geryke pump The reaction was accompanied by decomposition 
and some foaming, the temperature was about 320° The dis- 
tillate was taken up in absolute alcohol, neutralized with sodium 
methylate, evaporated to dryness, and the dry mixture extracted 
with ether The residue was changed into the free acid, again 
distilled and treated as above The combmed ether extract 
was dried over anhydrous sodium sulphate, the ether removed 
and the product distilled in vacuum The distillate was recry- 
stallized from ether or alcohol It melted at 53-56°, a second 
sample melted at 52-55° Recrystallized from acetone it showed 
the same melting point The product was then distilled, after the 
nddition of a few cubic centimeters of sodium methylate solution 
and evaporation to dryness, the distillate recrystallized from ace- 
tone and thoroughly dried It then melted at 53°-54° Accord- 
ing to Mane 8 pentacosan should melt at 53 5°-54° 

« Ball de la soc chim , xv, p 567, 1896 
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0 1140 gram of the substance gave 0 3566 gram CO, and 0 1444 gram HjO 

Calculated for 

CmHj Found 

C 85 13 85 30 

H 14 89 14 18 


Reduction of C^H^Oo 

The above method was then applied to other fatty acids, m the 
hope that it might prove a general method for the reduction of 
acids to hydrocarbons The result was disappointing 9 In the 
case of C 24 H 18 O 2 , obtamed from the oxidation of cerebromc acid, 
the product of the distillation was a mixture of a large amount of 
the ester of the acid with a small amount of the hydrocarbon 
The ester was saponified by boding with alcohohc potash, the solu- 
tion evaporated to dryness and the mixture extracted with ether 
A small quantity of hydrocarbon remained This was recrystal- 
lized from alcohol and dried in the chloroform bath It melted 
at 51°-52° According to Krafft 10 CeiHso should melt at 51 1° 

Calculated for 

Cj<Hso Found 

C 85 10 85 27 

H 14 90 14 79 


» The reaction was also tried with stearic and palmitic acids The pro- 
duct in these cases was found to be a mixture of the unchanged acid with the 
ethyl ester Thus it is probably the presence of the hydroxyl group which 
makes the reaction possible in cerebromc acid It.is also evident that the 
hydroxyl group is reduced simultaneously with or after the carboxyl group, 
otherwise the normal acid would be obtained 
10 Ber d deutsch chem Gesellsch , \v p 1711, 1882 
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By MATHILDE L KOCH 

(From the Hull Laboratory of Biochemistry and Pharmacology, University of 
Chicago, and the TFtsfar Institute of Anatomy, Philadelphia ) 

(Received for publication, February 20, 1913 ) 
INTRODUCTION 

For the study of the progressive changes m the central nervous 
system during growth and senescence, the albino rat, on account 
of its small size, short span of life and its powers of rapid reproduc- 
tion 1 is especially suited Its growth processes are, moreover, 
strikingly like those of man, as has been brought out by the exten- 
sive investigations of Dr Donaldson within the past few years 
It was, therefore, decided to use this animal for a study of the 
chemical differentiation of the central nervous system during 
growth 

The youngest brains which could be convemently collected for 
chemical analysis were those of rats just born As it was not 
certain that the rat at this period of development was sufficiently 
immature (chemically undifferentiated) to serve as the starting 
pomt for such a growth series, it was suggested by my brother, 
Dr Waldemar Koch, that the brain of the new born rat be com- 
pared chemically with the bram of the fetal pig, collected at vari- 
ous stages of fetal hfe 

By such a comparison we hoped to determine the physiological 
age of the rat at birth in terms of fetal pig material, and to obtain, 
possibly, from the pig fetus, material which would be more imma- 
ture than the new born rat 

1 H H Donaldson President’s Address, Journ of Nervous and Mental 
Disease, xxxvin, p 258, 1911 


267 



268 


Chemical Differentiation of the Brain 


MATERIAL AND METHODS 

The rat material was obtained from the Wistar Institute of 
Anatomy, which supplied the brains of rats of known age, from 
animals which had been raised under constant conditions, two 
factors which are absolutely essential for such a study The 
material w as collected by Dr Iiatai and the method used was that 
adopted by the Institute This in brief is as follows the rat was 
chloroformed, the skull opened from the dorsal side, the division 
betw een the brain and the cord made at the tip of calamus scnp- 
torius, and the bram removed The meninges of the brain were 
left intact Such blood as it contained was, therefore, included 
in the weight Immediately after removal the brain was placed 
in a closed neighing bottle, quickly weighed to within 10 mgms- 
and transferred to a wide mouthed bottle of 300 cc capacity con- 
taining absolute alcohol The weighing bottle was weighed back 
and the difference recorded as the w eight of the sample As the 
weight of one brain from rats at this early age is 0 2 — 0 3 gram 
and as it takes at least from 25 to 50 grams to make one sample 
for analysis, a large number of brains had to be collected (100 
brains of the rat at birth for one 25-gram sample) As this cov- 
ered a period of several weeks it was necessary to heat the sample 
from time to time in a water bath kept at a temperature of 70°C 
to insure a thorough penetration of the alcohol and sterilization 
The amount of alcohol was so adjusted as to make the final concen- 
tration not less than 80-85 per cent A well fitting cork stopper 
covered with tin-foil was now inserted and the bottle carefully 
shaken to insure a uniform mixture The dates of collection of the 
samples were recorded, as the time a sample has been kept in some 
cases influences the analytical results 8 The tightly corked bottles 
were then shipped to the Laboratory of Biochemistry of the Um- 
v ersity of Chicago, where the samples were analyzed according to 
Koch’s methods of tissue analysis 4 


\ coarse weighing of the brain was permissible m this instance as it was 
not the exact brain weight that was sought but merely data for indicating 
rooghls when the required amount of material had been obtained 
>\\ Koch Methods for the Quantitative Chemical Analysis of Annua 
Jotirn of (he Amcr Chcm Soc , vxxi, p 1340,1909 
' Ibid , pp 1329-04 
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The fetal pig material was collected by my brother at the Chicago 
Stock Yards The fetuses selected were 50, 100, and 200 mm m 
length The pregnant uterus was opened and the fetuses removed 
The neck-rump length of each litter was taken and if the average 
length corresponded to one of the three sizes mentioned above, 
the entire litter was taken, placed upon ice and in this chilled 
condition taken to the laboratory, where the brains were immedi- 
ately removed, preserved and later anrlyzed according to the 
same methods used for the rat material 

RESULTS OF ANALYSES 

The results from the chemical analysis of the brains from the 
new born rat and the adult rat are given m table I those of the 
50, 100, and 200 mm pig fetuses are recorded in table II, and 
table III gives the summary of all the averages wluch have been 
taken from the figures which were most consistent The brain of 
the 200 mm pig fetus was plainly more differentiated, it is there- 
fore left out of table III and of the final discussion of results 

DISCUSSION OF CHEMICAL RESULTS 

Before taking up a comparison of the new born rat with the 
pig fetus it may be well to state, briefly, the cluef chemical changes 
in nervous tissue during growth It is well known that the chemi- 
cal composition of a tissue varies with age and that the water 
content is one of the most important variables Donaldson states 
that, "the progressive diminution of the percentage of water in 
the brain is a function of age and is not significantly modified - by 
any conditions to which the animals have been thus far experi- 
mentallj r subjected " 3 He suggested that this “is to be regarded 
as an index of fundamental chemical processes, which take place 
in the more stable constituents of the nerve cells ” 6 The principal 
chemical differences due to growth, noted by my brother, are, “ a 
decrease m moisture, proteins, extractives, and ash as the brain 
increases wnth age, and an increase m cerebrosides, sulphatides, 

s H H Donaldson On the percentage of Water in the Brain and in the 
Spinal Cord of the Albino Rat, Journ of Neurol and Psychol , xx, p 143, 
1910 

* Ibid 
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phosphatides, and cholesterol, in other words, an increase m sub- 
stances which predominate m the fibres (medullated sheath) 
during growth ” 7 These same differences are to be found m all 

TABLE I 


Relative proportion of the proximate constituents of the brain of the albinorat 
at birth and when adult 



! ALBINO RAT 

ALBINO BAT 


j Urnratn) 

(adult) 

Moist weight of one brain 

0 25 

! 0 25 

1 667 

Solids m per cent 

10 42 

' 10 42 

21 9 

Dry weight of one brain 

0 020 

0 020 

0 380 

Number of brains in sample 

100 

100 

31 

In relative proportions of solids 

Proteins 

57 16 

57 30 

48 5 

Phosphatides 

14 8 

15 6 

22 0 

Cercbrosides 

0 0* 

0 0 

9 0 

Sulphatides 

1 5 

1 4 

4 <> 

Organic extracts ) 

Inorganic const J 

16 5 

19 3 , 

i 

9 8 

Cholesterol ) , 

Undetermined J 

(10 04) 

(6 4) 

(6 1) 

Total S 

0 96 

1 04 

0 58 

Total P 

1 82 

1 

1 92 

1 39 

Distribution of sulphur in per cent of total S 

Protein S 

31 02 

30 02 

64 2 

Lipoid S 

3 2 

2 8 

15 6 

Neutral S 

49 14 

47 26 

14 2 

Inorganic S 

16 6 

19 95 

6 0 

Distribution of phosphorus in per cent of total P 

Protein P 

13 3 


6 8 

Lipoid P 

33 2 

33 0 

67 6 

\\ atcr-solubte P 

53 5 

53 6 j 

25 6 

Mendel 1* Amer Journ of Phynol xx\ p 
difference 

104 190S 




i \\ Koch and S A Mann A Comparison of the Chemical Composi ion 
of Three Human Brains at Different Ages, Journ of Physiol, 
pp 1-3 (From the Proceedings of the Physiological Society, ovem 

23, 1307) 
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TABLE ir 


Relative proportions of the proximate constituents of the brain of the fetal pig 

at different ages 



50 MU Fia FETCB j 

\ 100 MU PIG FETUS | 

1 200 mm 

PIG FETUS 

Year of analysis 

11 

12 

12 

*11 

12 

12 

11 

Moist weight of one 
brain 

0 40 

0 43 

0 47 

1 8 

1 91 

2 15 

1 

Solids in per cent 

8 75 

9 87 

9 04 

9 1 

8 98 

8 98 

10 1 

Dry weight of one brain 

0 035 

0 042 

0 042 

0 164 

0 171 

0 193 


Number of brains in 








sample 

65 j 

111 

109 

35 

27 

27 



In relative proportions of solids 
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TABLE III 


Relative proportions of the proximate constituents of the brain of the fetal pig 
at different ages compared with the brain of the albino rat at birth ( Aver 

ages of the foregoing determinations ) 



PIO FETOS 

ALDJNO RAT 

50 ram 

100 mm 

at birth 

adult 

Moist weight of one brain 

0 433 

1 90 

0 25 

1 667 

Solids in per cent 

9 22 

8 99 

10 42 

21 0 

Dry weight of one brain 

0 039 

0 171 

0 026 

0 380 

Number of brains m sample 

95 

30 

100 

31 


In relative proportions of solids 


Proteins 

56 47 

51 88 

57 23 

48 5 

Phosphatides 

15 41 

15 62 

15 2 

22 0 

Cerebrosides* 

0 0 

0 0 

0 0 

9 0 

Sulphatidcs 

0 92 

0 90 

1 45 

4 6 

Organic extract 1 

22 18 

24 69 

17 9 

9 8 

Inorganic const / 





Cholesterol 

2 4t 

4 4f 



Undetermined! 

(2 59) 

20 49 

(8 22) 

(6 1) 

Total S 

0 585 

0 57 

1 00 

0 58 

Total P 

1 83 

1 83 

1 87 

1 39 

Distribution of sulphur in per cent of total S 

Protein S 

55 8 

57 28 

30 52 

64 2 

Lipoid S 

3 13 

3 17 

3 0 

15 6 

Neutral S 

28 7 

29 11 

48 2 

14 2 

Inorganic S 

9 83 

9 51 

18 27 

6 0 

Distribution of phosphorus in per cent of total 

Protein P 

14 8 

14 55 

13 3 

6 8 

Lipoid P 

31 2 

33 8 

33 1 

67 6 

Water-soluble P 

53 8 

52 3 

53 55 

25 6 


• Cwebrooldra not determined In fotal brains Not present accordlnc to Mendel 
Ultcdel L A mer Journ of Physiol xxl, p 103 IMS 


tBy Atferenco 
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nervous tissue during growth and may therefore be used in making 
a comparison between the bram of the new born rat and that of the 
fetal pig to determine which ife the more immature 
'We may now proceed to consider m detail the companson of the 
v anous constituents 8 m the brain of the new born rat and the pig 
fetus 

Water The per cent of water in the brain of the new born 
lat is closely similar to, but a little lower than, that of either the 
50 mm or 100 mm pig fetus This would indicate that the rat is 
of about the same physiological age as these fetuses, since the 
differences are within the limits of error 

Protein The per cent of protein m the total solids is higher in 
the bram of the new born rat than m either that of the 50 or the 
100 mm pig fetuses Since the per cent of protein is highest m 
the youngest material, this is an indication that the rat’s brain is 
less mature than that of the 100 mm pig fetus, but not very 
different from the 50 mm fetus 
Phosphatides The per cent of phosphatides is the same m the 
neu born rat as it is in the 50 and the 100 mm pig fetus This 
would indicate a close agreement in physiological age between 
these two This is the lowest phosphatide content yet obtained m 
an analysis of the bram tissue and approaches that observed in the 
suprarenal, which, among all the organs, comes closest to that of 
nervous tissue m chemical composition 

Cerebrosides These are absent m both the neiv born rat, and 
in the pig fetus, as is to be expected m nervous tissue before medul- 
Intion 

Sulphahdes The percentage of sulphatides is about the same 
in the new born rat as m the pig fetus, which indicates the same 
age 

Organic extractives and inorganic constituents These are some- 
u hat higher m the pig fetus than m the new born rat and, except as 
this is associated with the greater per cent of lymph m the embry- 
onic material, it would indicate it to be more immature than the 
neu born rat 


8 The nature and significance of the constituents will be discussed in the 
third paper of this series 



274 Chemical Differentiation of the Brain 


Cholesterol The figures for cholesterol were not determined by 
me, but were taken from Mendel 0 and incorporated here for the 
sake of completeness 

This leaves undetermined from 2 to 3 per cent which is not more 
than would be expected in the errors involved in making so many 
determinations from one tissue and calculating approximate con- 
stituents from assumed factors 

The distribution of sulphur m per cent of total sulphur is widely 
different m the two forms, but as this is not correlated with age 
but is apparently a species peculiarity, the results are not out of 
harmony with the foregoing conclusions 

The distribution of phosphorus between the protein, lipoid and 
water-soluble phosphorus is closely similar in the rat and the 
50 and 100 mm pig fetus, showing the physiological ages to corres- 
pond 

The remarkably high figure for neutral and inorganic sulphur in 
the rat at birth requires an explanation but it is not possible to 
give this with the data so far at hand 

The general conclusions from these figures are, that from a 
chemical standpoint the brain of the new born rat is about as imma- 
ture as that of the 100 mm pig fetus, being on the whole a little 
less differentiated than the latter 
The differences between the bram of the 50 mm and the 100 
mm pig fetus are not marked, and this would indicate that there oc- 
curs between these ages an increase in weight unaccompanied by any 
significant change in chemical composition This would corres- 
pond with the results of Mendel 10 and Raske 11 who found that in 
the brains from these young fetuses there is no chemical dis- 
tinction between grey and white matter Moreover the brain 
of the 50 mm pig fetus is the youngest which it is practicable to 
obtain for analysis and even at this age the tissues are so watery 
and filled with lymph that some error is thereby introduced in the 
analysis of the constituent tissues 
Since the bram of the 50 mm pig fetus shows no material differ- 
ences from that of the 100 mm pig fetus and the latter is no more 

»L B Mendel and Charles S Leavenworth Chemical Studies on Growth 
1\ Notes on the Composition of Embryonic Muscular and Nervous Tissue 
Amcr Joum of Physiol , xxi, p 103, 1908 
w Ibid 

"TtaaU Z eitschr f physiol Chem , x, p 340, 1886 
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immature chemically than that of the new born rat, it appears 
that the new born rat’s brain is as young nervous material as can 
conveniently be analyzed at present and it forms, therefore, 
a convenient starting point for the study of the chemical differen- 
tiation of the central nervous system during growth 

CHEMICAL RESULTS COMFIRMED BY PHYSIOLOGICAL iND ANATOMICAL 

DATA 

It is astonishing that chemically the bram of the new born rat 
should be as immature as that of the 100 mm pig fetus, but, 
surprising as this fact is, it is substantiated by a comparison of 
the structure of the cerebellum of these two animals and of their 
behavior at the time of birth 

It is a well-known fact that the rat is born m a very immature 
state, with its eyes shut, and when first born, is capable only of 
movements involved m sucking, bending the body and tail and 
making a squeaking noise 12 The pig, on the other hand, “is born 
with its eyes open and requires no assistance as a rule in making its 
start in life It is more or less able to walk around as soon as 
bom ” 13 Such a state of activity m the rat is not reached until 
the period of weaning 17-21 days after birth 

This difference in physiological behavior is correlated with the 
relative development of the cerebellum of the two animals, par- 
ticularly as indicated by the development and transformation of 
the outer granular layer of cells A comparison of this layer m 
both ammals, founded on the observations of Addison 14 who 
studied the different layers of the cerebellum m the albino rat, 
and of Takasu 15 who studied these same layers m the pig fetus, 
brought out the following facts 


12 ffm H F Addison The Development of the Purkinje Cells and the 
Cortical Layers in the Cerebellum of the Albino Rat, J ourn of Comp Neurol , 
xxi, p 476, 1911 

13 Forbes personal communication 

14 Wm H F Addison Journ of Comp Neurol , xxi, p 464,1911 

15 K Takasu Zur Entwictlung der Gangbenzellen der Kleinhirnnnde 
dps Schweines, Anat Anz , wvi, pp 225-32, 1905 
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RAT 

PIO 

First appearance of cells in 
outer granular layer 

Division of layer into two zones 

19-day fetus 

50 mm fetus 

inner and outer 
Disappearance of cells from 

At birth 

100 mm fetus 

inner zone of layer 

J 21 days after birth 

300 mm fetus 


The first appearance of the cells in the outengranular layer of the 
cerebellum in the rat is in the 19-day fetus, and in the pig in the 
50 mm pig fetus At this time the cells are settled in a thin layer 
(two rows deep) around the outer edge of the cerebellar cortex 
This layer increases until a considerable depth is filled m with 
cells which soon separate into two strata, an outer and an inner, 
this separation takes place m the rat at birth, and in the pig fetus 
when it is 100 mm in length The cells from the outer granular 
layer now begin to migrate to the inner granular layer and the dis- 
appearance of the cells from this outer granular layer, which corres- 
ponds ivith the time of securing motor control in an animal, occurs 
m the rat at the twenty-first day of life, and m the pig when this 
is from 200 to 300 mm m length, or at birth These facts shou, 
therefore, that the new born rat is as developed with respect to 
motor activity as the 100 mm pig fetus, and that the rat at wean- 
ing (17-21 days after birth) and the pig at birth are at correspond- 
ing physiological ages The conclusion from this anatomical com- 
parison, namely, that the 100 mm pig fetus and the rat at birth 
are of like physiological age, fully confirms, therefore, the conclu- 
sion drawn from both chemical and physiological evidence already 
adduced 

We now' ask the question, how far this result, that the nervous 
system of the new'-born rat is chemically as old as that of the 
100 mm pig fetus, agrees with observations made by Donaldson, 
that the rate of growth and percentage of water in the mammalian 
nervous system (represented by the brains of man and the ra ) 
agree in the two forms at equivalent ages, thus indicating that t ie 
nervous systems are in corresponding physiological states at equa 
fractions of the life cycles 16 

«HH Donaldson A Comparison of the White Eat with Man 
to the Growth of the Entire Body, Boat Anniversary Volume, , 

5-20 
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It remains therefore to inquire whether the chemical and behav- 
ior relations between the rat and pig which have just been pointed 
out, occur at equivalent ages m these two forms 

Great difficulty was experienced in finding any statements con- 
cerning the age of the pig fetuses The statements of different 
authors did not always agree, but the two which agreed closest 
were those of Bradley 17 and Coe 18 Bradley compared the length 
of the embryos with the time from coition, Coe estimated the age 
from the rate of development of embryos of other mammals 
While considerable uncertamty thus attaches itself to these figures 19 
it may be assumed that the 50 mm pig fetus is about 40 days old 
from conception the 100 mm fetus is 55-62 days, and the 200 mm 
fetus is from 88-90 days from conception 

We find in the rat the period of gestation is 21 days and its span 
of life three years (Donaldson), or a total age of 1116 days,m 
the pig the period of gestation is 125 days and its normal span of 
fife, as far as could be ascertained, is 20 years, 20 or 7425 days The 
rat, therefore, lives about one-sixth as long as the pig Assuming 
that the rat at birth has lived rriir, or vr, o f its total life, the 
60-day pig fetus will have lived tH s , or rib, of its life It appears 
then, if the total length of life given is correct for both animals 
and the numbers used for the divisors in each case are really com- 
parable as they stand, that we do not have corresponding physio- 
logical conditions of the brain at equivalent ages, for these brains 


17 O C Bradley On the Development of the Hind Brain of the Pig, 
Journ of Anat and Physiol , xl, Part I, p 1 

18 Mendel refers to Professor Coe in Chemical Studies on Growth I 
The Inverting Enzymes of the Alimentary Tract, especially in the Embrjo, 
Amer Journ of Physiol , xx, p 90, 1907-1908 

19 Bradley makes the statement, that “although the age of the different 
embrjos is given, it is not intended that it should signify more than the 
time which elapsed between the time of coition and the time when the mother 
was destroyed In embryos taken from two litters it not infre- 

quently happens that those which should be further advanced in develop- 
ment, judging from the period which has elapsed since sexual congress took 
place, are as backward, or even moie backward, than those of the ‘ j ounger' 
litter ” A more definite way to determine the age of an embrjo would be, 
according to Mall, by ossification No data wore available however for a 
comparison between the rat and the pig 

50 Longevity, Encyclopaedia Bnlannica (Eleventh Edition ), \vi p 9/5 
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are found to be m corresponding states at the A and the tK part 
of the total life cycles Had the relation, in the form stated above, 
held, these fractions should have been identical It is only fair 
to add, however, that in view of the absence of precise information 
concerning the pig and in view of the fact that the early days of 
gestation are used for cell division accompanied by only slight differ- 
entiation, too much stress should not be laid on the relation here 
given 

On the other hand, instead of taking the end of life as the fixed 
point of our calculations, we may consider the tune when motor 
control is obtained to indicate closely corresponding states of the 
central nervous system In the rat, motor control is obtamed at 
42 days from conception, and in the pig at 125 days, that is, at 
birth If the law of corresponding states is correct, the nervous 
system of these two animals should be m corresponding conditions 
at the same fractions, either §, or £ of these periods This is 
found to be the case, for the rat is born after 21 days’ gestation 
Tins would be just half way between the two fixed points of concep- 
tion and time of gaining motor control and this corresponds in the 
pig to just one-half of its gestation period or about 62 days, which 
is the age of the 100 mm pig 

It was actually found, both chemically and anatomically, that 
the nervous systems of these two animals were m the same state 
of development at these respective periods and it appears from these 
observations that Donaldson’s law may hold, if put m the form 
the nervous systems of mammals are in the same physiological 
state at equal fractions of their total periods of development 
In conclusion it gives me great pleasure to thank Dr 0 H Don- 
aldson and Prof A P Mathews for then- many suggestions in 
connection with this problem and for them aid in getting this paper 
ready for publication The problem itself was suggested to me by 
my brother and forms the first of a senes of papers which are to 
follow from time to time, on the chemical differentiation of the 
central nervous system, and on which he was engaged at the tune 
of his death The work was carried out m the Laboratory of Bio- 
chemistry and Pharmacology of the Umversity of Chicago and 
was aided by a grant from the Wistar Institute of Anatomy and 
Biology, Philadelphia 
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SUMMARY 

1 A quantitative determination of the constituents of the brain 
of the albmo rat at birth shows it to be chemically as undifferenti- 
ated as the bram of a 50 mm or 100 mm pig fetus 

2 There is httle difference in chemical composition between 
the 50 mm and the 100 mm pig fetus bram 

3 Since the 50 mm fetus brain is the youngest which can be 
analyzed and this closely resembles the 100 mm fetus, and this 
m turn is no more immature than the new born rat, it appears that 
the bram of the new born rat is sufficiently immature to serve as 
a starting point m a study of the chemical differentiation of the 
brain during growth 

4 That the bram of the new born rat is as immature as the 
100 mm pig embryo is shown, also, by the similarity of the changes 
m the outer layer of cells of the cerebellar cortex m both ammals 
previous to gaimng motor control, and by the animal’s behavior 
at this period 

5 If the nervous systems are assumed to be in corresponding 
states when motor control is obtamed, and Donaldson’s law is 
correct, that the nervous system is m the same state at correspond- 
ing physiological ages, then the bram of the rat at birth should 
correspond chemically with the 100 mm pig fetus bram This is 
found to be the case 
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II A COMPARISON OF TWO METHODS OF PRESERVING NERVE 
TISSUE FOR SUBSEQUENT CHEMICAL EXAMINATION 

By IV KOCH and M L KOCH 

( From the Hull Laboratories of Biochemistry and Pharmacology, University 
of Chicago, and the Wistar Institute of Anatomy, Philadelphia ) 

(Received for publication, February 20, 1913 ) 

With valuable biological material it is sometimes desirable to 
make water estimations and the estimations of the other constitu- 
ents on the same sample This can be done somewhat indirectly 
if the method already described 1 of placing the fresh, neighed 
tissues immediately in 95 per cent alcohol is used 

To see whether tissues m which the water had been determined 
by drying could thereafter be analyzed by the methods referred 
to above and would yield the same proportion of the various con- 
stituents as these same tissues treated by the alcohol method, an 
analysis was made of the brains and spinal cords of albino rats 
which had been dehydrated m these two ways The possible 
drawbacks of the heat method of determining moisture, namely, the 
oxidation or decomposition of part of the material and the evapora- 
tion of volatile constituents, are obvious, but we had no definite 
knowledge of how senous the errors involved in the method might 
be in practice 

To determine to what extent these changes took place and what 
they were, we analyzed material which had been dried at 95°C 
for one week and which at the end of this time had been placed in 
alcohol, and compared it with similar material winch had been 
placed directly in alcohol The results are given m the table 

It may be seen by a comparison of the results of the tw o analyses 
in the table, that decompositions seriously affecting the anah ses 
are produced bj r heat drying, particularly in the case of the brain 
The differences are most marked in the phosphorus compounds 

1 Koch, W Journ inter Chen) Soc , x.wi, pp 1353-4, 1909 
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Preservation of Nerve Tissue 


Comparison of brains and cords dried al 95°C with brains and cords placed 
directly m alcohol unlhoul healing 



ENCEPHALON 

CORD3 

Direct Into 
alcohol 

Dried at 

95 C 

Direct Into 
alcohol 

Dried at 

95 Cv 

Laboratory number 

W 13 

W 18 

w 0 

W 20 


In per cent of total solids 


Proteins 

48 5 

47 9 

32 8 

29 6 

Phosphatides 

22 0 

16 2 

25 3 

22 1 

Cercbrosidcs 

8 4 

(?) 

12 5 

14 4 

Sulphatides 

4 5 

4 6 

| 7 0 

6 7 

Organic ext 1 

Inorganic const / 

9 8 

12 4 

1 7 6 

8 0 

Undetermined lipoids 

6 8* 


| 14 8* 

19 2* 

Total S 

0 58 

0 59 

0 45 

0 42 

Total P 

1 39 

1 31 

' 1 44 

1 42 


Distribution of sulphur in per cent of total S 


Protein S 

63 8 

64 6 

■ P 

53 3 

Lipoid S 

15 6 

15 6 


32 1 

Neutral S 

14 5 

14 0 

■ 

9 5 

Inorganic S 

6 1 

6 0 

! 5 0 

5 0 


Distribution of phosphorus in per cent of total P 


Protein P 

6 8 

8 1 

5 6 

5 0 

Lipoid P 

67 6 

55 1 

77 4 

69 2 

Water Sol P 

25 6 

36 8 

17 0 

25 8 


•Obtained by difference 


By drying there has been a destruction of the phosphatides involv- 
ing a change in the distribution of phosphorus in per rent of total 
phosphorus, that is, a considerable amount of lipoid phosphorus 
is changed to water-soluble phosphorus There was no change in 
the sulphur distribution It will be noticed that the phosphatides 
of the cord are more resistant to heat than those of the bram, a 
point of sufficient interest to justify repetition 
We conclude, then, that the determination of water by drying at 
95°C cannot safely be used, if it is desired to determine m the same 
sample the relative proportions of the solid constituents, and th a 
the indirect method already described is far superior for this pur- 
pose 







A RAPID CLINICAL METHOD FOR THE ESTIMATION 
OF UREA IN URINE 

By E K MARSHALL, Jr 

(From the Laboratory of Physiological Chemistry, Johns Hopkins Vnnersity ) 
(Received for publication, February 20, 1913 ) 

As is well known, the conversion of urea into ammonium car- 
bonate can be brought about by an enzyme found m numerous 
bacteria , 1 fungi 2 and higher plants 3 

/NH 2 /ONH., 

CO<( + 2H s O = CO<( 

x nh 2 x onh 4 

An enzyme solution exerting this activity is easily and conveniently 
prepared from the soy bean ( Glycine hispida ) 4 By extracting the 
ground tissue with acidified water and filtering, a perfectly clear 
solution is obtained which under proper precautions can be pre- 
served for a considerable length of time A solution m which 
urea is to be determined is treated with a portion of this extract 
and, after the conversion into ammonium carbonate is complete, 
the alkalinity of the solution is determined by titration with stand- 
ard acid using an indicator which is not appreciably sensitive to 


1 Musculus Compt rend de l' Acad des Sci , Ixxxn, p 334, 1876, Leube 
Virchow’s Arghw, c, p 540, 1885, Lea Joum of Physiol , in, p 136, 1886, 
Miquel Bull delasoc chim de Paris, xxix, p 387, xxm, p 391, xxxn, p 136, 
also, Compt rend de I’Acad des Sci , cm, pp 397, 501 

2 Shibata Beitr z chem Physiol u Path , v, p 384, 1904 

3 Takeuchi Journal of the College of Agriculture, Tokyo, 1 , p 1, 1909, 
Kernel Zeiischr f physiol Chem , lxxv, p 169, 1911, Zemplen Zeilschr f 
physiol Chem , lxxix, p 229,1912 , Zeilschr f angew Chem ,xxv, p 1560,1912 

4 This enzyme was discovered in the seeds and seedlings of the soy beans 
by Takeuchi who employed its hydrolyzing power for the manufacture of 
ammonium sulphate from urine loc cit and also Cherr Zeitung, x\xv, p 
408, 1911 
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carbonic acid From the amount of standard acid used, the amount 
of urea originally present can be ascertained by an obvious cal- 
culation 

With solutions of pure urea the figures obtained are practically 
theoretical and, even when applied to urine itself, the results are 
all that could be desired m a clinical method, the divergence from 
the theoretical being about 2 pei cent 

The procedure to be described is peculiarly useful in its applica- 
tion to pathological urines since the presence of glucose and pro- 
tein, usually so annoying in the estimation of urea, are without 
influence here and need not even be removed 

A large number of methods based upon different principles 
have been devised for the estimation of urea in urine For scien- 
tific investigations, the one proposed by Folm 6 in its various modi- 
fications, the Morner-Sjoqvist 6 method and its combination with 
Folm’s for urines containing sugar, and finally the procedures 
devised by Benedict 7 have been extensively used All of these 
methods, however, necessitate an independent determination of 
the preformed ammonia m the urine, and in general are not suffi- 
ciently simple to find favor for rapid clinical work The various 
methods, based upon the decomposition of urea by an alkaline 
solution of sodium hypobromite and a measurement of the nitro- 
gen evolved, are, therefore, still used for clinical purposes As is 
well known, however, they are very inaccurate and the results 
are vitiated by the presence of ammonium salts 

Miquel 8 in his investigations on the various urea-fermenting 
bacteria suggests that filtered cultures of Micrococcus ureae could 
be utilized to convert the urea of the urine into ammonium car- 
bonate and to estimate its amount However, he cites but one 
experiment in this connection Hudson 9 has proposed a very 
accurate method for the determination of cane sugar by means of 


s rolin Zeilschr f physiol Chcm , \xxn, p 504, 1901 , min, p 333 , 1902, 
xxxvn, p 548, 1002-03, Amer Journ of Physiol ,xm, p 45, also, this Journal, 
xi, p 45, 1912 

‘Mdrncr Skand Arch f Physiol , \iv, p 297,1903 < 

1 Benedict and Gephart Journ of Amer Chcm Soc , xxx, p 1760,1908, 
Benedict this Journal, vm, p 405, 1910-11 
5 Compl rend dc VAcad des Sci , cm, p 501, 1890 
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the mvertase of yeast The enzyme solution employed hydro- 
lyzes cane sugar complete^, while it is without action upon mal- 
tose, lactose, starch, dextrins, pentosans, and the natural gluco- 
sides The use of the fermentation of glucose brought about by 
veast has been employed clinically for the determination of sugar 
in pathological urmes 


EXPERIMENTAL 

Preparation of the enzyme solution The soy beans are ground 
to a fine powder which can be preserved m well-stoppered dry 
bottles for months without appreciable loss of activity Twenty- 
five grams of this powder are mixed with 250 cc of distilled water, 
and allowed to stand with occasional agitation for about an hour 
Twenty-five cc of hydrochloric acid are now added, and the 
mixture allowed to remain a few minutes longer (best in a water 
bath at about 35°), when a large proportion of the protein of the 
bean extract is precipitated The mixture is filtered, the filtrate 
treated with a few drops of toluene and preserved for use m a stop- 
pered vessel On standing the originally clear fluid becomes opal- 
escent, and finally a precipitate is formed, but the solution remains 
sufficiently active for use in the method at least five days after its 
preparation when kept at the room temperature 10 This solution 
is alkaline to methyl orange, and 2 cc generally require from 
0 28 to 0 34 cc of hydrochloric acid for neutralization This 
factor should be determined once for 2 cc of each preparation and 
can then be employed as a correction as long as the solution is 
used The alkalinity is apparently constant from day to- day 
If for any reason the extract should not be distinctly alkaline to 
methyl orange, less acid should be used m its preparation, as an 
extract which reacts acid to methyl orange is scarcely active 

Execution of the method Two 5 cc portions of the urine are 
measured into flasks of 200-300 cc capacity and diluted with 
distilled water to about 100-125 cc Two cc of enzyme solution 
are added to one flask, a few drops of toluene to each and the solu- 
tion allowed to remain, well stoppered, at room temperature over- 

10 The enzyme solution loses its activity much more rapidly at a higher 
temperature (35°), and would, therefore, probably keep better in an ice 
chest I am at present investigating the problem of preparing a purer solu- 
tion and finding means of preserving its activitj 



286 


Clinical Estimation of Urea 


night The fluid in each flask is titrated to a distinct pink color 
with -rt hydrochloric acid, using methyl orange as an indicator 
The amount of hydrochloric acid required for the contents of the 
flask containing the urine and enzyme solution less the amount 
used for 5 cc of urine alone and that previously determined for 
2 cc of enzyme solution, corresponds to the urea originally present 
m the sample of urine Since 1 cc of tjt hydrochloric acid is equi- 
valent to 3 mgm of urea, the number of cubic centimeters required 
multiplied by 0 6 gives the value of urea expressed m grams per 
liter of urine The completeness of the conversion of the urea into 
ammonium carbonate can be tested at any time by performing one 
determination as described and a duplicate which is allowed to 
stand at 35°-38° The results of the two experiments should be 
identical provided the hydrolysis is complete, but if the enzyme 
has not converted all the urea in the first determination, the second 
will give higher results The same purpose is attained, of course, 
by allowing the second determination to proceed at the same tem- 
perature but some hours longer than the first 
Length of time necessary for the complete conversion The time 
required for complete hydrolysis of the urea depends upon the 
quantity of urine used, the concentration of the urea, the amount of 
enzyme present, and the temperature of action The velocity of 
the reaction is approximately twice as rapid at 35° as at 25°, and 
directly proportional to the enzyme concentration within certain 
limits As shown by the following data, 5 cc of urine or 5 cc of a 
2 per cent urea solution required about 3 hours for complete hydro- 
lysis at a temperature of 35° 


TIME 

2 PER CENT UREA 80LUTI0N COR- 
RECTED VALUE CC 0 1 N HCL 

URINE CORRECTED VALUE 

CC 0 1 N HCl 

Aour« 

1 

23 45 

20 03 

2 

32 55 

37 00 

3 

33 15 

40 74 

4 


40 78 

24 

33 10 

! 




The conversion is complete m less than 1 hour at 35°, when 10 
cc of the enzyme solution are employed instead of 2 cc 
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TIME 

CORRECTED VALUE CC 0 1 N HCl 


mxnxiU* 



45 

33 26 


so 

32 68 


A cloudiness, however, is produced on titrating a solution con- 
taining 10 cc of the enzyme mixture, which renders the end pomt 
uncertain and the procedure less accurate With the use of only 
2 cc of enzyme solution this cloudiness is scarcely noticeable 
If more rapidity is required than is attained by the method as out- 
lined, digestion for three hours at a temperature of 35°-38 a will 
suffice, or, if accuracy is to be sacrificed to rapidity, less urme and 
more enzyme solution can be employed 
Application of the method to pure urea solutions The following 
table explains itself 


Git AMS UREA 

100 CC USED 

cc 0 1 k HCl 

REQUIRED 

CORRECTION FOR 
ENZTME SOLUTION 

GRAMS UREA PER 100 

CC FOUND 


8 55 

0 28 

0 4962 

1 000 

16 79 

0 28 



33 50 

0 30 


2 000 

33 45 

0 30 

1 9890 


Application of the method to urine The following results ob- 
tained with a sample of normal urine are a fair example of the 
agreement by this method Two duphcate determinations car- 
ried out at room temperature gave 2 190 and 2 187 grams of 
urea per 100 cc Two similar determinations on the same sample 
but carried out at 37° gave 2 200 and 2 173 grams per 100 cc The 
effect of adding a known amount of urea to the urine is shown below 
Two cc portions of urine were used and 5 or 10 cc portions of a 
1 per cent urea solution 


amount urea 

ADDED EXPRESSED 

in cc 0 I n HCl 

REQUIRED BT URINE 
ALONE CC 0 1 n HCl 

REQUIRED BT URINE 

AND UREA ! 

cc 0 1 n HCl 1 

DIFFERENCE UREA 
FOUND EXPRESSED IV 

CC 0 1 N HCl 

16 67 

15 35 

31 86 

16 51 

16 67 

16 52 

33 00 

16 48 

33 33 


48 55 

33 20 
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The method was applied to solutions of composition stated 
below These solutions contained approximately the amount 
of urea normally present in the urine 



SOLUTION I 
an AMS PER 
LITER 

SOLUTION II 
GRAMS PER 
LITER 

SOLUTION HI 
GRAMS PER 
LITER 

SOLUTION IT 
GROJS PER 
LITER 

Urea 

20 00 

10 00 

20 00 

20 00 

Creatinine 

0 72 

0 3G 


1 

Hippunc acid 

0 50 

0 25 

0 50 

1 

Uric acid 



0 50 


NaCl 

10 00 

5 00 

10 00 

10 00 

KH,PO, 

1 40 

0 70 

1 40 

1 40 

NaiHP0 4 

1 40 

0 70 

1 40 

1 40 

K S0 4 



1 50 

1 50 

MpSCh 



0 25 

0 25 

NH a 



0 50 



Solution I contained also potassium sulphate, potassium ace- 
tate and acetic acid, as the creatinine solution was prepared from 
creatinine zinc alum by precipitating the zinc with hydrogen sul- 
phide m the presence of potassium acetate 

Solutions I, II and IV were acid to litmus and alkaline to methy 
orange, while solution III was alkaline to both litmus and methy 
orange, the former being the condition of acidity m normal urine 


SOLUTION NO 

CORRECTED VALUE 

CC 0 1 N HCL FOUND 1 

THEORETICAL VALUE 

CC 0 1 N HCl calculated 

I 

32 

85 

33 

33 

I 

32 

75 

1 33 

33 

I 

32 

89 ; 

33 

33 

II 

16 

42 

16 

67 

II 

16 

45 ! 

16 

67 

II 

16 

31 1 

16 

67 

III 

32 

9S 1 

33 

33 

III 

32 

86 i 

33 

33 

III 

32 

86 

33 

33 

III 

32 

81 | 

33 

33 

IV 

32 

94 ; 

33 

33 

IV 

32 

97 

33 

33 

IV 

32 

89 

33 

33 

IV (boded) 

IV (boded) 

33 

33 

26 

21 

33 

33 

33 

33 
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The uric acid and hippunc acid were converted into the sodium 
salts by the addition of the theoretical quantity of fv sodium 
hydroxide 

The last two samples were treated with an excess of •& hydro- 
chloric acid, boiled to expel the carbon dioxide, cooled, and titrated 
with alkali 

Application of the method to unite containing sugar and albumin 
Variable quantities of egg albumin and glucose were added to a 
sample of normal urine, and the urea determined 


ADDED TO 5 CC URINE 

1 5 CC URINE ALONE 
' REQUIRED CC 

0 1 N HCl 

6 CC URINE AFTER I 
; HYDROLYSIS RE- 1 
QUIRED CC 0 1 
n HCl 

CORRECTED VALUE 

CC 0 1 N HCl 


1 85 

■10 66 

38 51 


1 91 

40 SO 

38 59 

0 2 cr egg-albumin 

1 2 12 

40 85 

3S 43 

1 0 cc egg-albumin 

2 80 

41 48 

38 38 

0 1 gram glucose 

1 90 

40 65 

[ 38 45 

0 1 gram glucose 

! 1 90 

40 7 , 

I 38 57 

0 6 gram glucose 

| 1 87 

40 74 

, 38 57 

0 6 gram glucose 

1 87 j 

40 81 

38 64 


Effect of the carbon dioxide on the titrations The results obtained 
on pure urea solutions, urea solutions added to urine, and urea in 
the presence of various nitrogenous substances and salts are con- 
sistently 1 to 2 per cent lower than the theoretical values In 
the two experiments m which the carbon dioxide was removed by 
boiling, the figures differ from the theoretical by only a few tenths 
of one per cent The lower values are undoubtedly caused by the 
effect of the carbonic acid on the indicator m the presence of neu- 
tral salts, especially the ammonium chloride formed during the 
titration 11 The magnitude of this error was determined by titrat- 
ing a solution of ammonium carbonate with and without the 
removal of the carbon dioxide 


11 This is, of course a well-known fact However, the extent of the error 
involved by using methyl orange with carbon dioxide in the presence of 
neutral salts is generally undei estimated Acree and Brunell have alreadv 
pointed out this fact (see Anier Chem Journ , x\xvi, p 120,1906) The fact 
that the reaction may be slightly reversible must not be overlooked in this 
connection, although no evidence of such reversibilitv has so far been 
obtained 
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Ten cc of ammonium carbonate solution required 29 78 and 

29 81 cc of -nr HC1 Removing the carbon dioxide, 10 cc required 

30 03 and 30 05 cc of -nr HC1 The error is, therefore, about 0 8 
per cent Removing the carbon dioxide would, of course, increase 
the accuracy of the method, but as the control with 5 cc of urine 
alone cannot be subjected to the same treatment (adding excess 
acid, boiling, and retitrating) on account of an hydrolysis of the 
urea, it is not introduced as an essential feature The carbon 
dioxide could also be removed by passing a rapid current of air 
through the acidified solution, or pumping out in vacuo 

The use of this refinement, however, is scarcely desirable when 
dealing with urine since results within an error of 2 per cent 12 can 
be secured by the more rapid procedure 


u The method described in this paper is recomipended for the rapi i y 
with which it can be executed and the very fair degree of accuracy secure 
But by the introduction of certain refinements ( the distillation of amnio 1 
before the titration is made) the method can be made sufficiently accur . 
for scientific work such as the determination of urea m the blood 
present engaged with problems of this nature 



THE LIPINS OF THE HEART MUSCLE OF THE OX 1 * 

By JACOB ROSENBLOOM 

(From the Laboratory of Biochemistry of the University of Pittsburgh, Pitts- 
burgh, Pa )* 

(Received for publication, February 21, 1913 ) 

The question of how lipms are combined in cellular material is 
of great importance The writer in another connection 3 * has 
reviewed our knowledge of all the known combinations m which 
lipins may exist in cellular material 
On account of the labile nature of these substances it is possible 
that our methods of extraction may change the true nature of 
these substances Recently MacLean and Williams/ by extract- 
ing dog’s liver m the cold with ether and alcohol, show that as 
much as 84 per cent of the total extract is of the nature of phospha- 
tide (phospholipm) and conclude "that the essential fat of the 
liver, and probably of certain other organs is really phosphatide, 
and under certain circumstances, if care be taken to avoid disin- 
tegration during the process of extraction, it may be practically the 
only one found in any appreciable amount m the combined part 
of the fat ” 

In light of the recent observations of Leathes 5 and his co-workers, 
which show the liver to be an active agent in the elaboration of 

1 A preliminary account of this work was published m Science, xxyiv, 
p 221, 1911, Biochem Bull , i, p 114, 1911 

Most of the analytical data presented m this paper were obtained while 
working in the Laboratory of Biological Chemistry of Columbia University, 
at the College of Physicians and Surgeons, New York City 

i Studies in Cancer and Allied ^ ■Subjects , Conducted under the Auspicies of 
the George Crocker Special Research Fund, Volume III, Department of Bio- 
logical Chemistry 

' Biochem Journ , iv, p 455, 1909 

5 Mottram Journ of Physiol , xxxvili, p 2SI, 1909, Leathes Arch f exp 
Path u Pharm (Schmiedeberg’s Festschrift), 1908, p 327, Lancet, clxxvi, 
p 594, 1909, Hartley The Fats, 1910, Journ of Physiol , xxxvi, p 17, 1907, 
i6id , xxwiu, p 353, 1909, Hartley and Mavrogordato Journ of Path and 

2QI 
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the complex “fats” and that it effects the desaturation of fatt\ 
acids, it is possible that this organ might contain a larger amount 
of phospholipm than other organs supposedly not so important in 
the elaboration of substances of the nature of the complex fats, and 
that it was not so much a question of the disintegration of the 
phosphohpins during extraction as it was whether the liver “fat” 
might be different from the fat of other organs 

Paton 6 however obtained the following results as regards the 
amount of lecithin in the ether extract of liver of rabbits A 
rabbit liver was divided into two parts, one part being dried at 
38°C for forty-eight hours, the other dried for eight hours on a 
water bath The liver dried at 38° yielded 56 1 per cent of lecithin 
m the ether extract and the liver dried on the water bath gave 58 4 
per cent of lecithin m the ether extract, showing that very little 
change had taken place 

The following experiments show that only about Ifl per cent of 
the ether and alcohol extract of heart muscle of the ox is composed 0 } 
phospholipm and practically no difference m this percentage was 
obtained on comparing the extractions earned out m the cold with 
those earned out at the boiling point of the solvent 

The preparation of the organs for analysis, the extractions and 
the estimation of the phosphohpins were earned out according to 
the methods described in a former paper 7 The extractions in 
the cold were conducted as follows the material was placed in a 
thick-walled liter bottle, about 500 cc of solvent added, and the 
bottle shaken vigorously for four penods, of fifteen minutes each, 
during every twenty-four hours The extract was then dec anted 
and a fresh supply of the solvent added This was continued 
until a fresh supply of solvent yielded no residue when earned to 
dryness 

I thought it would be of interest also to carry out extractions, 
first with ether, then with alcohol followed by ether, and compare 
fch.s extract with that obtained by first extracting with alcohol, 
then with ether followed by alcohol 

Bad , xii, p 371, 1903, Kennaway and Leathes , Proc Roy Soc Med , Febru- 
ary 1909, Leathes andlVcdell Joum of Physiol , xxxviii, 1909, Proceedings, 

p XSXV1U 

• Jourr o r Physiol , xix, p 181,1896 

» Hants and Rosenbloom Joum of Exp Med , \m, p 3o5, mn 
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The following tables contain the results obtained m this study 


TABLE 1 

4 Extraction with ether followed by alcohol and then ether, at room 
temperature 


NO 

WEIGHT OF 
DRIED heart 
MUBCLE 

ETHER 

EXTRACT 

1 ALCOHOL AND 
ETHER EXTRACT 

TOTAL 

EXTRACT 

PERCENTAGE 

of Lipins in 

TISSUE 

PERCENTAGE OF 
FHOBPHOLIPINB 
IN THE LIPIN 
EXTRACT 

1 , 

2 

Crams 

50 4450 

47 1715 

grams 

7 4140 

0 1230 

grams 

2 4505 

1 8975 

grams 

9 8645 

8 0205 

17 48 

17 00 

40 54 

40 80 

B Extraction with ether followed by alcohol and ther ether in Soxhlel appara- 
tus, at boiling point of solvent 

1 

01 5200 

9 0020 

3 9050 

12 9070 

20 45 

41 56 

2 

61 3020 

8 9005 

3 6380 

12 53S5 

20 98 

41 84 


On comparing the above data it is evident that, by extracting 
the tissue at the boiling point of the solvent, about 3 per cent more 
lipms are obtained than when the extraction is carried out at the 
room temperature This may be due to the breaking up of cer- 
tain protem-hpin compounds at this temperature However, 
the percentage of phosphohpms is practically the same m the 
extract obtamed in the cold as compared with that earned out at 
the boiling point of the solvent 


TABLE 2 

A Extraction with alcohol followed by ether and then alcohol, at room 

temperature 


NO 

WEIGHT OF 
DHrED HEART 
MUSCLE 

ALCOHOL 

EXTRACT 

ETHER AND 
ALCOHOL 
EXTRACT 

TOTAL 

EXTRACT 

PERCENTAGE 
OF LIPINS IN 
TIBSUE 

PERCENTAGE OP 
PHOSPHOLIPIN 
IN THE LIPIN 
EXTRACT 

1 

2 

grams 

32 2340 

45 1300 

grams 

4 4970 

6 7365 

grams 

1 6805 

2 0810 

grams 

6 1775 

8 8175 

19 16 

19 54 

43 57 

42 98 

B Extraction with alcohol followed by ether and then alcohol in Soxhlet 
apparatus, at boiling point of solvent 

1 

44 5830 

6 0630 

3 0365 

9 0995 

20 41 

42 S6 

2 

44 2490 

6 1035 

3 3055 

9 4909 

21 26 

42 18 
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On comparing these extractions, rve find that the amount of 
extract obtained at the boiling point of the solvent is about 1 0 
per cent higher than that obtained in the cold, while the percentage 
of phospholipins contained in the extract is about the same in 
both cases It may also be noted that extraction with ether 
followed by alcohol and then ether at room temperature gives 
about 2 per cent less extract when compared with the extract 
obtained by extraction with alcohol followed by ether and then 
alcohol at room temperature 


NOTE ON FOLIN’S MICROCHEMICAL METHOD FOR 
THE DETERMINATION OF UREA 

Br JOSEPH C BOCK 

(From the Nutrition Laboratory of the Carnegie Institution of Washington, 
Boston, Massachusetts ) 

(Received for publication, February 25, 1913 ) 

The total nitrogen m urines as determined by the method of 
Folm and Farmer 1 can be obtained by determining the ammonia 
color’metrically or by titration with zo or alkali and acid The 
urea nitrogen is usually determined colonmetrieally, 2 but the 
somewhat shorter method of titration was tried m our laboratory 
When the urea nitrogen is determined colonmetrieally the results 
are very accurate, but when the titration is used the results ob- 
tained are too low I therefore conducted some experiments to 
find the cause of this deficiency 

I started by making blank tests with different brands of sodium 
acetate Seven grams of sodium acetate were put into a Jena 
test tube (200 mm by 20 mm ), a porcelain shot (to prevent bump- 
ing), the heat indicator and 1 cc of 50 per cent acetic acid were 
added and, in place of the urea solution, 1 cc of ammonia-free 
water was used The stopper with the tube, which acts as reflux 
condenser, was put in and the tube heated according to the method 
for ten minutes After cooling for a short time, the condensing 
tube was rinsed with 5 cc of water and, after adding 2 cc of con- 
centrated sodium hydroxide, air was blown for ten minutes through 
the apparatus and into an Erlenmeyer flask containing 10 cc of 
rs' 5 hydrochloric acid and 40 cc of water The air current was of 
the strength used m all our ammonia and nitrogen determinations 
In each case I found that the amount of acid in the Erlenmeyer 
flask had increased, which would of course lower the amount of 
nitrogen These tests were all made by cooling the tube to room 

1 Folin and Farmer this Journal, xi, p 493, 1912 
1 Folin this Journal, xi, p 507, 1912 
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temperature before blowing the air through Another senes of 
tests was made without cooling, the mixture in the tube having 
a temperature of about 45° The; table gives the excess of acid 
expressed in cubic centimeters of sodium hydroxide 


BODIUM ACETATE BRAND 



B A 

J T B 

Kb 



0 75 


0 6 



0 95 


■■ 

At room temperature 


0 65 

0 70 

HU" 



0 90 

0 65 

Ml:: 



1 05 

1 6 

1 8 

At 45°C 



1 7 

1 4 




15 

1 7 


These results show that the increase in acidity is greater when 
the air is blown through the mixture when still hot, that is to say, 
at a temperature which the liquid will have when the adding of the 
water, exchange of stoppers, neutralizing, etc , is done m the short- 
est time possible 

After the mixture is neutralized and cooled below room temper- 
ature, a strong smell of acetic acid in the tube is still noticeable 
There is a measurable amount of acetic acid vapors standing m 
the tube which does not condense on cooling and is not neutralized 
by the sodium hydroxide The following experiment will prove 
tins statement 

After cooling and adding the water, the sodium hydroxide solu- 
tion was added and, before blowing the air through the liquid, the 
air column containing the acetic acid vapors was removed by blow- 
ing a gentle current of air in the tube without disturbing the liquid 
This could of course not be done in the case of an actual determina- 
tion The rest of the experiment was carried out as usual and the 
acidity was found to be less 

Increase in acidity after removing air column on top of liquid 


0 30 
0 40 
0 20 
0 40 
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ON 2-THIO-6,8-DIOXYPURINE AND 2,8-DITHIO-e-OXYPURINE ON 
THE DESULPHURIZATION OF THIOPURINES ON A 
NEW METHOD OF PREPARING XANTHINE 

NINTH PAPFK * 1 

Bi CARI O JOHNS and ALBERT G HOGAN 
( From the Sheffield Laboratory of Yale University ) 

(Received for publication, February 25, 1913 ) 

Only one of the three dioxy-monothio-punnes theoretically 
possible has been described, namely, 2,6-dioxy-8-thiopurine 2 We 
find that 2-thio-6,8-dioxypurine (V) can easily be prepared m 
quantity by heating a mixture of 2-thio-4,5-diamino-6-o\ypyrimi- 
dme (II) 3 and urea The reaction is very smooth, the yield being 
almost quantitative 

None of the three monoxy-ditlno-purmes required by theory has 
hither 'een described We have also prepared one of these 
com namely 2,8-dithio-6-oxypurme (III) This purine 

in gt* 1 yields by heatmg a mixture of 2-thio-4- 
y idme and thiourea 

eler and Liddle' 1 found that when 2-thioura- 
solution of monochloracetic acid the thio- 
d to uracil-2-thiog]ycoll2c acid (XI) which 
sequently hydrolyzed to uracil (XII) 
ge 5 have shown that thiohydantoins can 
y boiling them with an aqueous solution 
hiopurmes described in this paper form 


hem Gesellsch , xxxi, p 445, 1898 
Liebig), cccxxxi, p 75, 1994 
hem Joum , xl, p 552, 190S 
Toiim Amer Chem Soc , vmv, p 1041, 
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ON 2-THIO-d,8-DIOXYPURINE AND 2.8-DITHIO-6-OXYPURINE ON 
THE DESULPHURIZATION OF THIOPURINES ON A 
NEW METHOD OF PREPARING XANTHINE 

NINTH PAPER -1 

By CARLO JOHNS and ALBERT G HOGAN 
(From the Sheffield Laboratory of Yale University ) 

(Received for publication, February 25, 1913 ) 

Only one of the three dioxy-monothio-purmes theoretically 
possible has been described, namely, 2,6-dioxy-8-thiopurine 1 2 We 
find that 2-thio-6,8-dioxypurine (V) can easily be prepared in 
quantity by heatmg a mixture of 2-thio-4,5-diammo-6-oxypyrimi- 
dme (II) 3 and urea The reaction is very smooth, the yield being 
almost quantitative 

None of the three monoxy-dithio-purines required by theory has 
hitherto been described We have also prepared one of these 
compounds, namely, 2,8-dithio-6-oxypurine (III) This purine 
was obtained in good yields by heating a mixture of 2-thio-4- 
5-diamino-6-oxypyrimidme and thiourea 

Some years ago Wheeler and Liddle 4 found that when 2-thioura- 
cil (X) was boiled m a solution of monochloracetic acid the thio- 
pyrimidine was converted to uracil-2-thioglycolhc acid (XI) which 
being unstable was consequently hydrolyzed to uracil (XII) 
Johnson, Pfau and Hodge 5 have shown that thiobydantoms can 
readily be desulphurized by boiling them with an aqueous solution 
of chloracetic acid The thiopurines described m this paper form 

1 This Journal, xiv, p 1, 1913 

2 E Fischer Ber d deutsch chem Gesellsch , xxxi, p 445, 1898 

3 \V Traube Ann d Chem (Liebig), cccxxxi, p 75, 1904 

* Wheeler and Liddle Amer Chem Journ , xl, p 552, 1908 

6 Johnson, Pfau and Hodge Tourn Amer Chem Soc , rsav, p 1041, 
1912 
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temperature before blowing the air through Another series of 
tests was made without cooling, the mixture in the tube having 
a temperature of about 45° The. table gives the excess of acid 
expressed in cubic centimeters of tv® sodium hydroxide 


SODIUM ACETATE BRAND 



B A 

J T B 

Kb 


0 75 

0 60 

0 6 


0 95 

0 60 

0 8 

At room temperature 

0 65 

0 70 

0 6 


0 90 

0 65 

0 7 


1 05 

1 6 

1 8 

At 45 °C 


1 7 

1 4 



1 5 

1 7 


These results show that the increase in acidity is greater when 
the air is blown through the mixture when still hot, that is to say, 
at a temperature which the liquid will have when the adding of the 
water, exchange of stoppers, neutralizing, etc , is done m the short- 
est time possible 

After the mixture is neutralized and cooled below room temper- 
ature, a strong smell of acetic acid m the tube is still noticeable 
There is a measurable amount of acetic acid vapors standing in 
the tube which does not condense on cooling and is not neutralized 
by the sodium hydroxide The following experiment will prove 
this statement 

After cooling and adding the water, the sodium hydroxide solu- 
tion was added and, before blowing the air through the liquid, the 
air column containing the acetic acid vapors was removed by blow- 
ing a gentle current of air in the tube without disturbing the liquid 
This could of course not be done in the case of an actual determina- 
tion The rest of the experiment was carried out as usual and the 
acidity was found to he less 

Increase in acidity after removing an» column on top of liquid 


0 30 
0 40 
0 20 
0 40 
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thioglycollic acid derivatives which are stable Thus, hypoxan- 
thme-2-thioglycollic acid (IV) and 6,8-dioxypurme-2-thioglycollic 
aud (VIII) could be boiled with water for hours without under- 
going notable decomposition On the other hand, when these 
compounds were boiled with 20 per cent hydrochloric acid, they 
were hydrolyzed and xanthine (VII) and uric acid (IX), respec- 
tively, were obtained It was found that 6-oxypurine-2,8-dithio- 
glycollic acid (VI) was not desulphurized by boiling for several 
hours with 20 per cent hydrochloric acid although a small quantity 
of a dioxypurme-monothioglycollic acid was obtained This sub- 
stance was probably 2,6-dio\ypunne-8-thioglyeollic acid, since, 
if 6,8-dioxypurme-2-thioglycolhc acid had been formed it would 
have been hydrolyzed to uric acid by the action of the hydro- 
chloric acid The fact that 6-oxypurme-2,8-dithioglycollic acid 
is more stable than the monothioglycolhc acid derivatives accords 
with an observation made by Wheeler and Liddle 6 who found that 
11 line-2, 6-dithioglycollic acid was not converted to uracil 

en when warmed with hydrochloric acid 

Hitherto the best method of making xanthine has been by the 
action of nitrous acid on guanine The xanthine prepared in this 
m mnei v as highly colored and the color was very difficult to re- 
move Fischer 7 used a mixture of fuming hydnodic acid and 
phosphonium iodide to remove the color from xanthine which had 
been prepared from guanine The method described in the fol- 
lowing pages gives almost colorless xanthine even -without the use 
of an adsorbent 

As 2-thiohypoxantlnne (I) can be made in quantity and is easily 
converted to xanthine, as herein described, this procedure may be 
recommended as a method of preparmg xanthine in quantity 
The stability of the purme-thioglycolhc acids renders it probable 
that these derivatives can be used for various synthetic purposes 
These researches will be continued 


» \\ heeler and Liddle Amer Chcm Journ,x\,p 557, 1908 
7 10 Fischer Untersuchungen in der Puringruppe, p 267 
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EXPEHniENTAL PART 

2-Thio-6,8-dioxypurme 
HN— CO 

I i 

SC C— NH 

II > co 

HN — C— NH 

Five grains of 2-thio-l,5-diarmno-6-oxypynmidme 8 and 5 grams 
of urea were pulverized together and the mixture was heated in an 
oil bath at 170 — 180°C for an hour This treatment gave a hard 
crust which was dissolved in hot dilute sodium hydroxide After 
filtering off a trace of insoluble substance, the hot filtrate was 
acidified with acetic acid A precipitate formed immediately 
This consisted of minute crystals and weighed 5 4 grains or 93 
per cent of the calculated weight The crystals were very stable 
and did not melt at 310°C They were soluble in about 500 parts 
of boding water and almost insoluble in cold water They did 
not dissolve m alcohol or benzene They were moderately soluble 
in ddute ammonia and easily soluble in dilute sodium hydroxide 
They gave a brilliant murexide reaction An ammoniaca! solution 
of the purine gave a precipitate on adding a few drops of silver 
nitrate solution The substance was dried at 130°C for analysis 

Calculated for Found 

c»H40 3 n«s i n 

N 30 43 30 53 30 73 

6 ,8-Dioxypunne-2-thioglycollic acid, 

H N— CO 

I I 

HOOC CH 2 SC C— NH 

j jj >co 

N— C — NH 

This compound could be obtained by boding 2-thio-6,8-dioxy- 
punne m an aqueous solution of monochloracetic acid but owing to 
the slight solubility of the dry thiopurme it was prepared as follows 

‘Vi TWbe Ann d Chem (Liebig), cccvx'u, p 75, 1904 
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Two grams of 2-thio-6,8-dio\ypurme were suspended in 150 cc of 
hot water and just enough sodium hydroxide to effect solution was 
added The purine was then reprecipitated in a finely divided 
state by adding acetic acid To this mixture were then added 6 
grams of monochloracetic acid and on boiling for twenty minutes 
under a return condenser complete solution took place This 
solution was evaporated to dryness, the residue was dissolved m 
dilute ammonia and on acidifying with acetic acid the glycolhc 
acid derivative was obtained as a finely divided precipitate 
This dissolved in about 100 parts of boiling water but was difficultly 
soluble in cold water and did not dissolve in alcohol or benzene 
It did not have a melting point but decomposed at about 225°C 
It gave a murexide reaction and its ammomacal solution gave a 
precipitate on adding silver nitrate The yield was quantitative 
The substance was dried at 130°C for analysis 

Calculated for 
C7H*OiN*S Found 

N 23 14 23 40 

The ammonium salt of 6,8-dioxypurine-2-thioglycollic acid was 
obtained when the purine was dissolved in dilute ammonia and the 
solution was acidified with acetic acid 

Calculated for Found 

CtHjO^NsS I II 

K 27 02 26 90 26 85 


Unc acid 
HN — CO 

I I 

OC C — NH 

I 1 > 

HN— C— NH 

The ammonium salt of 6,8-dioxypurine-2-thioglycollic acid was 
dissolved in hot 20 per cent hydrochloric acid and the solution was 
boiled for two hours Uric acid was obtained The reaction was 
quantitative Uric acid was also obtained from the free purine 
as follows A solution of 6,8-dio\ypurine-2-thioglycollic acid 
was prepared as previously described An equal volume of con- 
centrated hydrochloric acid was then added and the solution was 
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boiled under a reflux condenser for two hours The mixture was 
evaporated to dryness and the residue was dissolved m dilute 
sodium hydroxide When the hot solution was acidified with hydro- 
chloric acid, uric acid was obtained m crystalline form The 
yield was quantitative 

Calculated for Found 

CiHiOjNi I II 

N 33 33 33 10 33 20 

Hypoxantlnne-2-thioglycolhc acid 
HN— CO 

I I 

HOOC CHjSC C— NH 

I II > CH 

N— C— N 

Two grams of 2-thiohypo\anthme 9 were suspended m 150 ec 
of hot water and sufficient sodium hydroxide to produce solution 
was added The thiohypoxanthme was then precipitated in a 
finely divided state by means of acetic acid Six grams of mono- 
chloracetic acid were added and the mixture was boiled under a 
return condenser In about fifteen minutes the solution was clear 
and was then evaporated to dryness on a steam bath The residue 
was washed with cold water to remove salts and the thioglycollic 
acid derivative was obtained This was sparingly soluble m hot 
and difficultly soluble in cold water and insoluble in alcohol or 
benzene It dissolved readily in ammonia or dilute sodium hydro- 
xide It decomposed at about 240°C forming a violet colored 
substance Its ammomacal solution gave a precipitate with silver 
nitrate The substance was dried at 130°C for analysis 

Calculated for , 

C 7 H«OjN«S Found 

N 24 77 34 60 


2-6-Dioxypunne ( Xanthine ) 
HN— CO 

I I 

OC C— NH 



HN— C— N 


• W Traube Ann d Ghent (Liebig), cccxxm, p 77,1904 
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One part of hypo\antlune-2-thioglycolhe acid was dissolved in 
about 75 parts of hot 20 per cent hydrochloric acid and the solu- 
tion was boiled under a ieflu\ condenser for two hours After 
evaporating to dryness the residue was taken up in hot dilute 
sodium hydroxide and the filtered solution was acidified with acetic 
acid The xanthine which precipitated was almost colorless 
In order to prepare xanthine from 2-thiohypoxanthine it is 
unnecessary to isolate the intermediate thioglycolhc acid denva- 
tn e When a solution of the latter compound has been prepared, 
as previously described, an equal volume of concentrated hydro- 
chloric acid is added and the mixture is boiled for two or three 
houis and then evaporated to dryness The yield of xanthine is 
almost quantitative 

Calculated for 
CiII«OiN< Found 

N 36 84 36 71 


2 ,8-Dithio-6-oxy purine 

HN— CO 

I ! 

SC C— NH 

I > 

HN — C — NH 

Two grams of 2-thio-4,5-chamino-6-oxypyrimidme v, ere pul- 
v enzed together with 2 grams of thiourea and the mixture was 
heated in an oil bath at 180°C for an hour The reaction pro- 
duct was dissolved in hot dilute sodium hydroxide, the solution 
was filtered to remove a little insoluble material and the hot 
filtrate was acidified with acetic acid A granular precipitate 
was obtained This was purified by dissolving in dilute ammonia 
and reprecipitatmg with acetic acid The dithiopurine was soluble 
in about 100 parts of boihng water but did not dissolve in alcohol 
or benzene It did not melt at 310°C It gave a murexide reac- 
tion and its ammomacal solution gave a precipitate on the addi- 
tion of silver nitrate 

Calculated for Found 

CjH.ON.S- I II 

28 CO 27 77 27 50 


V 
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6-Ox7jpunne-2,8-dithioglycollic acid 
HX— CO 

I I 

HOOC CHoSC C— XH 

j || ^CSH.C GOOII 
X — C— N 

One gram of 2,8-dithio-6-oxypunne was dissolved in 75 cc of 
water containing sufficient sodium hydroxide to produce solution 
The purine was then precipitated from the hot solution by adding 
acetic acid Six grams of monochloracetic acid were added and 
the mixture was boiled untd solution took place, whereupon it 
was evaporated to dryness on the steam bath The residue was 
washed in a httle cold water The resulting dithioglycollic acid 
derivative was easily soluble m hot and moderately soluble in 
cold water and slightly soluble m hot alcohol It decomposed 
with effervescence at about 240°C It gave a murexide reaction 
and its ammomacal solution gave a precipitate with silver nitrate 
The substance was dried at 130°C for analysis 

Calculated for 
GiHcOilStSs. Found 

N 17 83 18 50 

A portion of the 6-oxypunne-2,8-dithioglycollic acid was boded 
with 20 per cent hydrochloric acid for several hours without the 
formation of uric acid A difficultly soluble compound was ob- 
tained and this gave an analysis for a dioxypurine-monothio- 
glycollic acid This was probably 2,6-dioxypunne-8-thioglycolhc 
acid since, if 6,8-dioxypunne-2-thioglycollic acid had been formed, 
it would have been hydrolyzed to uric acid The substance was 
dried at 130°C for analysis 


X 


Calculated for 
CjHiO^S Found 

23 14 32 SS 



RESEARCHES ON PYRIMIDINES PYRIMIDINE- 
NUCLEOSIDES 

By TREAT B JOHNSON and LEWIS H CHERNOFF 
(sixty-first paper ) 

( Contributions from the Sheffield Laboratory of Yale University ) 
(Received for publication, February 28, 1913 ) 

This paper is a contribution to our knowledge of the constitu- 
tion of pyrimidine nucleosides It is our first paper on this subject 
and includes a description of the synthesis and properties of the 
simplest nucleoside of thymine (I) 

NH— CO 

I I 

CO cch 3 



NH — CCH 2 OH 
I 

Through the investigations of Levene 1 * and his co-workers our 
knowledge of the constitution of nucleic acids has been advanced 
to such a degree that we may now regard these interesting sub- 
stances as composed of characteristic complexes designated by 
the term nucleotides - The latter are compounds consisting of 
phosphoric acid conjugated with a complex composed of a carbo- 
hydrate and a purine or a pyrimidine In other words, a nucleic 
acid may be a single nucleotide, as in the case of guanyhc 3 and 

1 Levene and Mandel Ber d deutsch chem Gcsellsch , xh, p 1905, Levene 
and Jacobs ibid , xlu, p 2474, xlu, p 2704, xlm, p 3150, xliv, p 1027, Levene 
and La Forge ibid , xlm, p 3164, xlv, p 608, Levene and Jacobs this Jour- 
nal, xit, pp 411, 421, Mandel and Dunham ibid , xi, p 85 

* Levene and Mandel loc cit 

3 Levene and Jacobs Ber d deutsch chem Gescllsch , xlu, p 2469, this 
Journal, xn, p 421 
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mosmic 4 acids (mononucleotides), or be composed of several 
nucleotides as in the case of yeast nucleic acid This acid or 
polynucleotide is a combination of four different nucleotides con- 
taining the two purines, guanine and adenine, and the pyrimidines, 
cytosine and uracil This nucleotide structure is apparently 
common to all nucleic acids Regarding the nature of the union of 
the individual nucleotides m polynucleotides ne have no definite 
knowledge, but it seems very probable, fiom the evidence pre- 
sented, that they are condensed in one moletulfc in the case of yeast 
nucleic acid 

The constitution of these nucleotides has also been parth 
elucidated by the work of these same investigators It has been 
shown by Levene 5 that these compounds may lead, by partial 
hydrolysis, to the formation of two types of complexes depending 
upon the experimental conditions employed For example, it 
is possible to det ich from a nucleotide phosphoric acid alone giv- 
ing a simpler complex of a sugar and a purine or pyrimidine, viz , 
nucleosides , 6 or to remove only the nitrogenous nucleus, leaving 
the phosphoric acid in combination with the carbohydrate These 
results are significant and prove that the three constituents of 
a nucleotide are linked according to the following order — acid 
sugar, base Regarding the constitution of the nucleosides of 
yeast nucleic acid Levene and Jacobs 7 write as follows “Die 
orgamschen Komplexe der Hefenucleinsaure sind also in zuei 
Klassen einzuteilen Die der Purmbasen, welche glykosidartige 
Verbindungen darjtellen, and die der Pyrimichnbasen, deren 
Ivonstitution noch mcht ganz aufgeklart ist ” 

Direct proof of the presence of these purine-carbohydrate and 
pyrimidine-carbohydrate combinations has been presented by the 
isolation of the pentose nucleosides, viz guanosine, adenosine, 
uridine and cytidine 8 from yeast nucleic acicl and of guanine- 


4 Levene and Jacobs Ber d deulsch chem Gesellsch , \li, P 2703, 'in, 
p 335 

* Levene and co-workers loc cit 

5 Levene and Jacobs Ber d deut^ch chem Gesellsch , xln, p -J' 5 

7 Ibid , xbv, p 1027 

> Levene and co-workers loc cii 
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hexoside 2 3 * * from thymus nucleic acid In chemical terms the nuc- 
leotides md their corresponding nucleosides m ly be expressed by 
the following empirical formulas 


A r ucleolides 

O P(OH) C s H 8 0 4 CsH.Ni 
II 

O P(OH) 2 CsH 8 0 4 C s H t O!Sr s 
Guanyhc acid 
IV 

O P(OH) CsH,0 4 C 5 H 4 ON 4 
Inosimc acid 
VI 

0 P(OH) C s H 8 0 4 C 4 H«ON 3 
Cytidine-nucleotide 
VIII 

O P(OH) 2 C s H 8 0 4 C 4 H 3 0 2 N 2 
Uridine-nucleotide 
X 


Nucleosides 
CAIRO, C 5 H 4 N a 
Adenosine 

III 

C s H 9 0 4 CsH 4 ON 5 
Guanosine 
V 

CjH 3 0 4 c 5 h 4 on 4 

Inosine 

VII 

CtHjO, C 4 H 4 ON s 
Cytidine 
IX 

C 5 fl s 0 4 C,H,ON 
Undine 
XI 


I11 their fifth paper on yeast nucleic acid entitled “Die Struktur 
der Pyrimidin-Nucleoside” Levene and La Forge 10 have presented 
conclusive evidence that the pyrimidine nucleosides, undine and 
cytidine, are combinations of uracil and cytosine, respectively, 
with the pentose sugar nbose In fact, the exact relationship 
of these two nucleosides was established by this observation, since 
it had already been shown that the pyrimidines are linked, in these 
two nucleosides, to the carbohydrate m a similar manner This 
nas established by the fact that cytidine is transformed by the 
action of nitrous acid into uridine 11 Regarding the nature of 
this nucleoside union and the position substituted by the sugar in 
the pyrimidine ring, sufficient data have not been presented to 
enable us to express structurally the exact constitution of these 
compounds Levene and La Forge 12 conclude, however, from good 
evidence, which we will not discuss in this paper, that this linking 
is of a glucosidic nature and that the carbohydrate may be joined 


2 Levene and Jacobs this Journal, xn, p 377 

10 Ber d deulsch chem Gesellsch , \lv, p 60S 

11 Levene and Jacobs Ber d dculsch chem Gcscllsch , \hv p 1027 

12 Lac cit 
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to the pyrimidine in one of two positions, viz , the 3- or 4-position 
of the ring If these assumptions be correct then the constitution 
of cytidine and uridine may be expressed by the following struc- 
tural formulas 


Cytidine 


N— CNH* 

i I 

CO CH or 

I I! 

HOCH; CH CHOH CHOH CH N— CH 
XII 



N — CNH 2 

I I 

CO CH 

I II 

NH— C CH CHOH CHOH CH CHjOH 
XIII 

Undine 



NH— CO 

I I 

CO CH or 

I II 

HOCH 2 CH CHOH CHOH CH N CH 

NH— CO 

I I 

CO CH 

I li 

NH— CCII 

XV 


XIV 



CHOH CHOH CH CHiOH 



The remarkable stability of these substances, in the presence of 
hydrolytic agents, seems to indicate that the point of union of 
the carbohydrate is m position 4 of the ring, as represented by 
formulas (XIII) and (XV), rather than in position 3 as represented 
by formulas (XII) and (XIV) Whether the pyrimidme-nucfeo- 
sides (hexosides) of thymus nucleic acid correspond m constitution 
to the nucleosides under discussion, lias not been established 
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The recent work of Levene and Jacobs 13 on thymus nucleic acid 
seems to indicate that the determination of the constitution of 
this acid is a far more complex problem than that presented by 
yeast nucleic acid 

The synthetical work now in progress and also that discussed m 
this paper, has developed from the assumption that the pyrimid- 
ines, in their corresponding nucleosides, are linked to the carbo- 
hydrates at position 4 and that this linkage is between two carbon 
atoms as lepresented by formulas (XIII) and (XV) A nucleo- 
side may be considered, therefore, as an addition-product of a 
pyrimidine and a sugar The formation of nbose from such a 
complex, by hydrolysis, would then involve, theoretically, two dis- 
tinct changes, viz a rupture of the furane ling forming the 
glucoside (XVII) and finally a cleavage of the carbohydrate (XIX) 
from the pyrimidine These various changes ma3 r be expressed as 
follows 


NH— -CO N = CNH 2 

II II 

R=> CO CH or CO CH or 

I II I II 

NH— C— NH— C— 


NH— CO 

I I 

CO CCH 3 

I II 

NH— C— 



R CH CHOH CHOH CH CH 2 OH 


(Nucleoside) 

XVI 


HzO 

> R CHOH CHOH CHOH CHOH CH a OH 

XVII 


H 2 0 HOv 

» R H + >CH CHOH CHOH CHOH CH 2 OH > 

HO' 

(Pyrimidine) XVIII 

H 2 O + OCH CHOH CHOH CHOH CH 2 OH 
(Pentose) XIX 


Judging from what has already been observed m this laboratory, 
it would be predicted that a union of this character would be 
extremely stable and very resistant to the action of hydrolytic 
agents 


” This Journal, xn, p 411 
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We can conceive, therefore, of an homologous series of these 
pj rimidine-nucleosicles, each differing from its next member in 
the series by -CHOH The physical properties of members of 
such i series would be expected to undergo a gradual change while, 
on the other hand, the chemical properties would be the same 
Consequently if we successively removed a -CHOH from the chain 
of the sugar molecule we would finally obtain the prototype of 
the series 01 the simplest nucleoside of this type It would still 
retain the same glucosidic linking The three pyrimidines, which 
would result by this process, are represented by formulas (XXj, 
(XXI) and (XXII) 

NH— CO N — CNHo Ml— CO 

II II II 

CO CH CO CH CO CCH 3 

I II I II I II 

NTH — C CHoOH NH— CCHjOH NH— CCH 2 OH 

XX XXI XXII 

We have absolutely' no knowledge of the chemical properties 
of hydroxypyrimidmes of this type and it was not until recently 
that the writer was able to undertake their investigation We 
are now able, however to contribute data regarding their chemical 
behavior, which we believe to be of great biochemical interest 
We shall now discuss the synthesis of the simplest nucleoside 

of thymine, viz 2,6-dio\y-4-hydroxymethyl-5-methylpyrimidine 

(XXII) 

The new ketone ester, ethyl methylethoxyacetoacetate (XXIII) 
was first prepared by the condensation of ethyl a-brompropionate 
with ethyl ethoxyacetate in the presence of zinc-amalgam 

C^HsOC^COOCaHs + CHjCH Br COOQjHs + Zn Hg = 
C2H5OCH2CO CH(CH 3 )COOQ.H6 

XXIII 

This ester (XXIII) was then digested in alcohol with thiourea and 
sodium ethylate when a pyrimidine condensation was 

and 2-thio-4-ethoxymethyI-5-methyl-6-oxypyrimidme (X ) 

was formed This reaction is expressed by the following equation 
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NH 2 COOC2H5 \H— CO 

II II 

CS + CHCH3 = H 2 0 + C 2 H a 0 H+( S CCH 3 

II I II 

NHn COCH2OC2H5 \ H CCH2OC2H5 

, XXIV 

This thiopyrimicline (XXI \ ) was then digested with chloracetic 
acid when it was desulphurized practicalh quantitative!} and the 
corresponding oxypyrimicline (XXV) was formed 

NH— CO \H— CO 

II II 

CS CCHj + CICH2COOH = CO CCHj 

I II I II 

XH— CCH2OC2H5 \H — CCH2OC2H5 

XXV 

This ethoxypyrimidine (XX \ ) w is then heated with concen- 
trated hydiochloric acid Bi means of this leagent the ethyl 
group was detached in the fonn of ethylchlonde and the pjnmi- 
dine was converted smoothh mto the chlormethylpyrimidme 
(XXVI) This interesting change is lepresented by the following 
equation 

NH— CO NH— CO 

II II 

CO CCH3 + 2 HCI =C 2 H 0 CI + H2O+CO CCH 3 

I II I II 

NH— C CH 2 OC 2 H 6 NH— C CH 2 C 1 

XXVI 

The halogen in this pynmidme (XXVI) is very reactive and is 
easily removed by alkaline hydrolysis For example the pyrimi- 
dine was transformed, almost quantit itn ely, into the correspond- 
ing acetate (XXVII) when digested in iqueous solution with the 
required amount of silvei acetate This pynmidme possessed 
characteristic properties and und< 1 w ent a smooth hydrolysis, w hen 
digested with barium hydi oxide solution, forming the correspond- 
ing alcohol (nucleoside) (XXII) These final changes in this syn- 
thesis are represented as follow s 
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ivir— co nh—co 

I I I i 

CO C CHi + CH 3 COOAg = AgCI + CO CCHj 

! » i II 

NH— CCIIsCI Nil— C CH 2 0 COCH 3 

XXVII 

NH —CO mi— CO 

II II 

2 CO CCII 3 + Ba(0H ) 2 = Ba(CH 3 C0 2 ) 2 + 2C0 CCH 3 

I II I II 

NH— C CH 2 0 COCH 3 NH— CCH 2 OH 

XXII 


The constitution of this nucleoside (XXII) was established by 
the fact that it was transformed quantitatively into 2,6-dio\y4- 
5-dimethy)pynmidme H (XXVIII) by reduction with hydnodic 

NH— CO NH— CO 

II II 

CO C CHs + 2 H = II 3 0 + CO C CH 3 

I II IP 

NH— C CH 2 OH NH— C CH 3 

XXVIII 


acid and red phosphorus Starting with the two aliphatic esters, 
ethyl «-brompropionate and ethyl ethoxyacetate, our synthesis 
therefore involves six operations, and m every step, except the 
first, the yields are excellent We are now investigating this 
unsatisfactory step in order to determine the cause of the low yield 

We now find that this simple nucleoside of thyinme (XXII) 
is extremely stable m the presence of acids and does not undergo 
hydrolysis with formation of thymine and formaldehyde when 
heated with sulphuric acid It has been shown in the papers by 
Levene and his co-workers 15 that the carbohydrate is cleaved 
from the pyrimidine-nucleosides by heating with 10 per cent sul- 
phuric acid at 125° Our pyrimidine was recovered unaltered 
after heating with sulphuric acid, of this same strength, for three 
hours at 125-130° This result is all the more interesting since 

11 Schlenker Ber d deutsch chem Gesellsch , xxxiv, p 2812, b heeler and 
Mernam Amer Chem Journ , \xix, p 488 

>s Xoc cit 
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Kircher 16 has recently shown that the isomeric pyrimidine, 2,6- 
dio\y-4-methyl-5-hydroxymethylpynmidme (XXIX) is trans- 
formed quantitatively into 4-methyluracil (XXX) and formal- 
dehyde simply by heating in aqueous solution From a chemical 
standpoint these results are extremely interesting and very signifi- 
cant Whether the linking between the carbohydrate complex 
and the pyrimidine at position 4 will become more unstable as we 
increase the length of the sugar chain, must be decided by further 
investigations We shall endeavor to develop methods of synthe- 
sizing some of these higher homologues The corresponding hy- 
droxy derivatives of uracil (XX) and cytosine (XXI) will also be 
investigated 

NH— CO 

I I 

CO CCH 3 + 10% II 2 SO 4 * No change 

I II 

NH— C CH 2 OH 
XXII 

NH— CO NH— CO 

II II 

CO C CHjOH + H 2 0 = CO CH + HCHO + H 2 0 

I II I II 

NH— CCHj NH— CCH) 

XXIX XXX 

experimental part 
Ethyl methylethoxyacetoacetate 17 
C 2 H 6 OCH2COCH(CH3)COOC2H 6 

This interesting /3-ketone ester was prepared by condensing 
ethyl a-brompropionate with ethyl ethoxyacetate by means of 
zmc-amalgam The method of procedure was essentially as 
follows Molecular proportions of the brompropionate (84 4 grams) 

14 Ann d Chem (Liebig), ccclxxxv, p 293 

17 This new method of synthesis, which we have employed for the prep- 
aration of this ester, has been applied successfully in several other cases 
The reaction is being investigated and the results of the investigation will 
be published in future papers We are also using zinc-amalgam as a rea- 
gent in other lines of investigation and have obtained interesting results, 
which we soon hope to be able to present for publication (T B Johnson ) 
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and the acetate (56 0 grams) were placed in a dry flask and 40 8 
grams of dry amalgamated zinc suspended in the liquid The 
flask was then connected with a return condenser and finally heated 
on the steam bath At first there was no evidence of any reaction, 
but after warming a few minutes a violent reaction began and 
became so vigorous that it was necessary to plunge the flask mto 
ice water at intervals to avoid too great heat After the violent 
reaction was over the flask was then heated on the steam bath for 
about twelve hours in order to thoroughly complete the reaction 
We obtained a dark brown, sjrupy fluid This was then trans- 
ferred to a separatory funnel and shaken with an excess of water 
when we obtained a heavy precipitate, which was immediately 
dissolved by addition of cold dilute hydrochloric acid We ob- 
tained in this manner a transparent red oil, which was separated 
from the acid solution and finally dissolved in ether This ether 
solution w as then thoroughly cooled with crushed ice and washed 
repeatedly with a cold, dilute solution of sodium hydroxide The 
/3-ketone ester was removed by this treatment and the alkaline 
solutions finally combined and acidified (cold) with cold, dilute 
hydrochloric acid The ketone ester separated at once and was 
dissolved in ether After thorough drying over anhydrous cal- 
cium chloride the ether was removed and the ester purified by 
distillation under diminished pressure It practically all distilled 
at 116° at 24 mm The yield of purified material was 7 5 grams 
Molecular weight determination by the ebulliscopic method 

I 0 6731 gram substance in 15 56 grams of benzene gave Ao = 

Calculated /or 
CtHuOt 

Molecular Weight 188 

2-Thio-4-ethoxymethyl-5-methyl-6-ozypynmidire 

NH— CO 

I I 

CS CCHj 

I If 

NH — CCHoOCdk 

This pyrimidine was formed by condensation of the preceding 
fi-ketone ester with thiourea in the presence of sodium ethy ate 
The following proportions were used 7 4 grams of the e one 


619° 

Found 

186 
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ester, 3 0 grams of thiourea and 1 8 grams of metallic sodium The 
sodium was dissolved m a small volume of absolute alcohol, the 
thiourea and ketone ester dissolved in the solution and the mixture 
then digested on the steam bath for about four hours The sodium 
s lit of the pyrimidine began to form almost immediately on heat- 
ing, and deposited as a brown powder After completion of the 
leaction the alcohol was then evaporated and the residue dissolved 
in a small volume of hot water and the solution filtered On acidi- 
f\ing this solution (cold) with glacial acetic acid the pyrimidine 
separated at once in a crystalline condition It was purified bj 
crystallization from boiling 95 per cent alcohol and separated, on 
cooling, in hexagonal tables, which melted at 191-192° to a clear 
oil without decomposition The yield of purified pyrimidine was 
2 3 grams The pyrimidine is very soluble in hot water and hot 
ilcohol and difficultly soluble in cold 

Nitrogen determination (Kjeldahl) 

Calculated for T . , . 

C.HuOjNsS Found 

N 13 86 13 90 

2,6-Dioxy-4-ethoxymethyl-5-methyl'pijrumdine 

NH— CO 

I I 

CO CCHs 

I II 

NH— C CH 2 OC 2 H 5 


One and three-tenths grams of 2-thio-4-ethoxymethyl-5-methyl- 
6-o\ypyrnnidine and two molecular proportions of chloracetic 
acid (1 1 grams) were dissolved in 30 cc of water and the solution 
boiled for five hours The solution was then allowed to cool 
slowly when this pyrimidine separated in beautiful, arborescent 
crystals The compound was purified by crystallization from hot 
\s ater and melted at 220° to a clear oil It is soluble in hot alcohol 
The yield was 1 1 grams 

Nitrogen determination (Kjeldahl) 

C C| C HuO.N!° r F °- d 
15 05 15 02 


N 
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2,6-Diozy-4.-ch.lormethyl-5-methylpynrmdine 

NH— CO 

I I 

CO cch 3 

I I! 

NH— C CHoCl 

This chlorpyrimidme was prepared by, beating the preceding 
pyrimidine with hydrochloric acid One gram of the ethoxy- 
pyrimidme and 20 cc of concentrated hydrochloric acid were 
heated in a bomb tube for three hours at 125-130° When the 
tube was opened ethyl chlonde was identified and a yellow solution 
was obtained This was then concentrated on the steam bath 
and cooled when this ehlorpyrimidine separated in the form of 
plates, which melted at 243° to a clear red oil On evaporating 
the filtrate to dryness more of the same compound was obtained 
The pyrimidine was purified by crystallization from boiling water 
and separated, on cooling, m stout prismatic crystals or blocks 
which melted at 244-245° to a clear oil without decomposition 
It gave a strong test for chlorine The dust from this pyrimidine 
irritates the nose causing violent sneezing and finally a severe 
headache The yield was excellent 


Nitrogen determination (Kjeldahl) 


N 


Calculated for 
C*HiOjN,Cl 
16 04 


Found 

15 81 


The acetate of 2-6-dioxy~4 hydroxymethyl-5-methylpynmidine 

NH— CO 

I I 

CO c ch 3 

I II 

NH— C CHjO COCHj 

Two and four-tenths grams of pure silver acetate were dissolved 
m about 200 cc of hot water and 2 086 grams of the above chlor- 
pynmidine added to the hot solution There was an immediate 
reaction, the pyrimidine dissolved and silver chlonde deposited 
This solution was finally boiled for two hours in order to complete 
the reaction After filtering from silver chloride the solution was 
then evaporated to complete dryness and the residue disso vec 
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again in hot water and the slight amount of silver salt in solution 
decomposed by treatment with hydrogen sulphide After digest- 
ing with bone coal the solution was then filtered and concentrated 
to a small volume On cooling, the acetylpynmidme separated m 
minute crystals It was difficultly soluble m hot water and cold 
95 per cent alcohol It was purified by crystallization from 95 
per cent alcohol and deposited m microscopic, corpuscular crystals, 
which melted at 260-261° with effervescence The yield of puri- 
fied material was about 1 5 grams 

Nitrogen determination (Kjeldahl) 

C SS 0r Found 

N 14 14 14 34 

2,6-Dioxy-4-hydroxymethyl-5-methylpynmidine 

NH— CO 

I I 

CO cch 3 

I II 

NH— C CH 2 OH 

This interesting pyrimidine was obtained by saponification of 
the above acetate Five grams of crystallized barium hydroxide 
and one gram of the acetylpynmidme were dissolved in the least 
possible volume of hot water and the solution boiled for one hour 
The solution was then saturated with carbon dioxide gas in order 
to precipitate the barium as carbonate, and the solution finally 
filtered The solution was then evaporated to dryness when the 
crude hydroxypynmidine was obtained as an amber colored crystal- 
line residue This was purified by crystallization from hot water 
and separated, on ( ooling, m distorted needles, which melted at 
224-225° with decomposition 

Nitrogen determination (Kjeldahl) 

C &to?N, f ° r F °“ d 

N 17 94 17 82 

An attempt to convert this pyrimidine into thymine by hydrolysis 
with 10 per cent sulphuric acid was unsuccessful One half of a 
gram of the pyrimidine was suspended in 25 cc of 10 per cent 
sulphuric acid and then heated m a bomb tube for three hours at 
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120—130° When the tube was opened there was no pressure and 
no evidence that the pyrimidine had undergone any change The 
sulphuric acid was exactly precipitated as barium sulphate by addi- 
tion of the required amount of barium hydroxide, and the banum- 
free filtrate then evaporated to dryness We obtained a crystalline 
substance, which was purified by crystallization from hot water 
It separated in the form of distorted prisms which melted at 223- 
224° with effervescence It did not resemble thymine in any of its 
properties and was identified as the unaltered hydroxypynmidine 
We recovered all of the pyrimidine and used part of it for the 
following experiment 

The conversion of 2,6-dioxy-4-hydroxymethyl-5-methylpymnidine 
into 2 ,6-dioxy-4,5-dimethylpynmidine 

NH— CO 

) 1 

CO c ch 3 

I II 

NH— C CH, 

One-tenth of a gram of the hydroxypynmidine was dissolved in 
5 cc of hydnodic acid (sp gr 1 7) and the solution, after the addition 
of a few milligrams of red phosphorus, was boiled for four hours 
After cooling, the solution was then diluted with water, filtered and 
then an excess of dry silver carbonate stirred into the solution in 
order to remove all the iodine, hydnodic and phosphoric acids 
4fter filtering, the excess of silver was then precipitated as sulphide 
and the solution then concentrated on the steam bath and finally 
allowed to cool Dimethyluracil separated in the form of prismatic 
crystals, which melted at 296° when heated rapidly If heated 
slowly the substance melted at 292-294° with partial decompo- 
sition A mixture of this compound with 4,5-dimethyluracil 18 
melted at exactly the same temperature 


i» Schlenker loc cit . Wheeler and Merriam loc cit 



STUDIES ON THE INTERMEDIARY METABOLISM OF 
AMINO-ACIDS 


By H D DAKIN 

(From the Herter Laboratory, New York ) 

(Received for publication, March 1, 1913 ) 

The object of the following paper is to record experiments con-, 
cernmg the intermediary metabolism of the amino-acids derived 
from proteins By utilizing the method of liver perfusion, Embden 
and others have shown that certain ammo-acids, particularly 
tyrosine and phenylalanine, may give rise to acetoacetie acid 
Confirming these results, Baer and Blum have been able to demon- 
strate an increased excretion of acetoacetie acid and /9-hydroxy- 
butync acid when phenylalanine and tyrosine are given to human 
diabetics On the other hand, by employing glycosunc animals, 
rendered diabetic by pancreas extirpation or by phlorhizm adminis- 
tration, other ammo-acids have been shown to be capable of fur- 
nishing glucose (Knopf, Glassner and Pick, Embden, Lusk, 
Ringer and others) 1 

The value of these methods of investigation can hardly be ques- 
tioned, although the interpretation of the results is often difficult 
The formation of either acetoacetie acid or glucose from amino- 
acid can only take place as the result of intricate molecular rear- 
rangements and much work is necessary before an adequate analy- 
sis of the reactions can be undertaken It is of course open to 
question as to how closely the normal path of catabolism resembles 
that observed under abnormal conditions, but it may be safely 
asserted that an accurate knowledge of •what may happen to a 
food substance under any conditions, no matter how far removed 
from normal, is likely to be helpful m gradually filling m the intri- 
cate mosaic of metabolic reactions 

1 For the literature of the subject, the reader is referred to the article on 
Phlorhizinglukosurie bv Lusk Eigeb d Physiol ,\ n, p 315,1912 
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At the present time, by use of the methods referred to, we know 
that phenylalanine and tyrosine yield acetoacetic acid freely, 
leucine less readily, while its formation from isoleucine and his- 
tidine is somewhat doubtful On the other hand, glycme, alanine, 
aspartic and glutamic acids are known to be capable of leading to 
sugar synthesis m the glycosunc organism It would seem, there- 
fore, as if a relatively sharp separation might be made between 
the ammo-acids capable of either acetoacetic acid or glucose for- 
mation 

It seemed very desirable that these investigations should be 
extended Accordingly, the behavior m the glycosuric animal of 
all the other ammo-acids known to occur m proteins has been 
investigated and also the effect of a number of them on perfusion 
through a surviving liver 

It has been found that senne, cysteme, prolrne 2 , ornithine 
and arginine are all capable of yielding large amounts of sugar 
when given to glycosunc dogs Vakne 3 , leucine, isoleucme, 
lysine, histidine, phenylalanine and tryptophane yield relatively 
little or no sugar Ornithine, lysine, arginine, prohne, trypto- 
phane and di-iodotyrosine do not yield acetoacetic acid w 
marked amounts when added to blood perfusing a dog’s liver 

As will be seen from the axpenmental details, it is difficult 
to definitely state that administration of an amino-acid yields 
absolutely no glucose, but it is relatively easy to distinguish be- 
tween those that yield large amounts and those which yield little 
or none 

It seems not unlikely that the administration to a glycosunc 
animal of relatively large amounts of an ammo-acid which m itself 
is not convertible into glucose may however lead to an apparent 
small glucose excretion through its mass action in displacing other 
ammo-acids The writer is therefore unwilling to attach much 
significance to results leading to an apparent mcreased glucose 
excretion of less than 20 per cent of the amino-acid given 

By combining the new results with those previously obtained, 
it would appear that certain generalizations are possible The 
following table represents the collected data 


1 The results m the case of prohne have been recently published 
Journal, xm, p 513, 1913 

> a -Hydroxyisovaleric acid under similar conditions yields lit 
glucose 


this 

no 
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SUDSTANCE 

■ INCREASED GLUCOSE 

1 EXCRETION WHEN GIVEN 
{ TO 0LTC03UBIC DOG* 

INCREASED ACETOACETIC 
ACID WHEN PERFUSED 
THROUGH SURVIVING LIVER 

Glycine 

+ 


Alanine 

+ 



Serine 

+ 


Cysteine 

I + 


Aspartic Acid 

1 + 

— 

Glutamic Acid 

+ 

— 

Ornithine 

i + 

— 

Prolme 

+ 

— 

Valine 



— 

Leucine 



-P 

Isoleucine 

— 


Lysine 

— 

— 

Arginine 

+ 

— 

Histidine) 

— 

+t 

Phenylalanine 

— 

+ 

Tyrosine 

— 

+ 

Di-iodotyrosine i 


— 

Tryptophane 

— 

— 


* Only those amlno-aclda which yield relatively large amounts of glucose aro recorded as poal 
tlve Doubtful cases are recorded as negative 

t See p 328 

t The Increased acetoacetlc acid Is probably not directly derived from histidine (p 328) 

The following conclusions may be tentatively drawn 

1 The amino-acids derived from proteins which may yield 
glucose freely in the glycosuric organism are all those containing 
two, three, four and five carbon atoms, except valine 

2 Arginine is the only amino-acid with more than five carbon 
atoms which may furnish glucose freely, and in this case the sugar 
evidently comes from the ornithine moiety with five carbon atoms, 
into which it may be converted by the action of argmase 

3 All the straight-chain amino-acids yield sugar with the excep- 
tion of lysine 

4 The amino-acids with branched chains including valine, leu- 
cine and isoleucine furnish little or possibly no sugar 

5 Prolme is the only cyclic amino-acid yielding much glucose 
Undoubtedly opening of the ring is the first step in its breakdown 
None of the aromatic ammo-acids yields glucose in considerable 
amount 

6 The close structural relations between ornithine, (arginine), 
prolme and glutamic acids, all of which yield approximately equiv- 
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alent amounts of glucose, would indicate that their catabolic 
paths may be similar 

7 Certain ammo-acids, including tryptophane, lysine and valine, 
yield neither acetoacetic acid nor glucose m considerable amount 

8 The fact that, whde alanine and serme yield large amounts 
of glucose in the glycosunc animal, phenylalanine, tyrosine and 
tryptophane, all of which contam an alanine side-chain, do not, 
is clearly m harmony with the view that the side-chain contammg 
three carbon atoms of these ammo-acids is broken up This may 
be regarded as evidence in support of the writer’s view as to the 
mechanism of acetoacetic acid formation from phenylalanine and 
tyrosine, m which it was suggested that two of the four carbon 
atoms of acetoacetic acid were derived from the side-cham and 
two from the nucleus 

In conclusion, a few words may be said upon the possible mechan- 
ism of glucose formation from ammo-acids, duly recognizing the 
fragmentary character of the evidence The fact that, according 
to the careful experiments of Lusk and Ringer, 4 glycine and alanine 
are quantitatively converted into glucose m the glycosuric organ- 
ism would seem to inevitably point to the occurrence of a mechan- 
ism m the body for the reduction of the carboxyl group Without 
such a change the fairly direct conversion of glycine and alanine into 
glucose is of course inconceivable, but at first sight the possibility 
of such a reaction is hard to picture 

The removal of the carboxyl group by a process of a-oxidation 
with formation of a lower aldehyde is incompatible with the quan- 
titative glucose formation 

In searching for some more likely scheme, reference may be made 
to a new type of hydrolysis by an enzyme recently observed by 
Dudley and the writer It was found that a-ketomc aldehydes, 
such as methyl glyoxal or phenyl glyoxal were converted into the 
corresponding a-hydroxyacids, namely, lactic and mandehc acids, 
with remarkable speed If some such type of reaction shoul 
prove to be reversible, a solution might be found to the difficult 
problem of the mechanism of the reduction of the carboxyl group 
of alanine and similar acids 6 

* Zeitschr / physiol Chem , Ixvi, p 106, 1910 

* Since the above was written Dudley and the writer have succee 

showing the reversibility of this reaction in vitro 
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CH, CO CHO + HjO <=i CHj CHOH COOH 

The ready formation of methyl glyoxal from sugar m vitro, 
together with the fact that lactic acid as shown by Lusk is so 
readily converted into glucose in the diabetic organism, would 
lend support to the hypothesis of the intermediate formation of 
lactic acid and methyl glyoxal in the synthesis of glucose in the 
glycosuric ammal Moreover, the fact that both d- and Z-alamne 
and probably d- and Z-lactic acid are quantitatively converted mto 
dextro-rotatory glucose would lead to the inference that the asym- 
metry of the a-carbon atoms in alanine and lactic acid is lost m 
the process of glucose synthesis The intermediate formation 
of the methyl glyoxal would furnish an adequate explanation of this 
change since, on reconversion mto sugar or lactic acid, asymmetry * 
of the carbon atoms would be regained by a process of asymmetric 
synthesis 

Ringer and Lusk have shown that the amount of glucose obtain- 
able from aspartic and glutamic acids m the glycosuric ammal 
corresponds to about that derivable from three of the carbon atoms 
in each acid They picture the hypothetical conversion of as- 
partic acid into hydracryhc acid and of glutamic acid into glyceric 
acid To the writer it appears more probable that aspartic acid 
may yield either alanine or lactic acid Some analogv for the 
removal of carbon dioxide from aspartic acid is found in its reduc- 
tion to propionic acid by heating with hydriodic acid The con- 
version of cysteme mto taurine may also be cited as an example of 
the removal of the carboxyl group from an ammo-acid 

The formation of a serme or alanine nucleus from glutamic acid 
would seem intelligible on the basis of /3-oxidation as occurring in 
fatty acids, for glutamic acid is relatively a strong acid What is 
true of glutamic acid may hold for prolme and ornithine 

Finally, the fact that the ammo-acids with branched chains do 
not readily form glucose m the glycosuric orgamsm may be referred 
to the difficulty of lactic acid formation with its straight chain 
of three carbon atoms 
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PERIOD 

EXPERIMENT I 

EXPERIMENT H 

f 

ri 

0 068 

0 052 

Argimne < 

hi 

0 278 

0 187 

[ 

IV 

0 111 

0 071 

f 

n 

0 052 

0 100 

Ljsinc 7 

in 

0 226 

0 782 

l 

IV 

0 106 

0 171 


It is clear that in every case a small but definite rise m the basic 
nitrogen of the urine followed the injection of arginine and lysine 
In the second lysine experiment, it amounted to about one-fifth 
of the nitrogen contained in the lysine given In the other cases 
it was materially less 

Histidine The crystalline hydrochloride was prepared bv 
Frankel’s method in considerable quantity In the earlier experi- 
ments, the hydrochloride was decomposed by an equivalent of 
sodium bicarbonate and injected intravenously A minimal 
amount of ether was given to the dog as anaesthetic during the 
exposure of the vein Under these conditions a marked increase 
in glucose output followed the administration of histidine, but 
later experience would indicate that at least some of this glucose 
did not originate from the base but was due to the anaesthetic 
and to metabolic disturbance following the intravenous injection 
Therefore these results have been discarded Later experiments 
in which neutral histidine acetate, free from sodium chloride, 
was administered subcutaneously, showed in every case a slight 
increase in glucose output except in the case of one animal that 
had extraoi dmarily low sugar output throughout the experiment 
A final decision, as to whether histidine really yields glucose in the 
diabetic animal, does not seem possible at present Examination 
of the urines showed that from 2 to 7 per cent of the histidine was 
excreted unchanged It will be noted that no regular increase m 
acetoacetic acid excretion was observed so that it appears unlikely 
that the slightly increased acetoacetic acid formation found on per- 
fusing a surviving liver with blood containing histidine comes 
directly from the histidine Histidine and lysne salts appear 
to be injurious to the perfused liver as judged by its rather 
congested and dark-colored appearance 
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Phenylalanine The synthetic acid was employed No homo- 
gentisic acid was detected in the urine An increased excretion of 
acetoacetic acid and /S-hydro\ybutync acid was evident 

Tyrosine The active amino-acid from casern was used No 
increase in glucose excretion but a distinct increase m acetoacetic 
acid was observed, thus confirming the results of Lusk and Ringer 
Tryptophane was prepared by Hopkins and Cole’s method A 
slight increase in glucose excretion was observed but no aceto- 
acetic acid formation About three grams of Lynurenic acid 
were separated from the urine by simple acidification with sul- 
phuric acid An attempt to estimate unchanged tryptophane in 
the urine by means of precipitation with mercuric sulphate after 
removal of kynuremc acid indicated the presence of about 3 grams 
of the amino-acid 

The metabolism of tryptophane in the glycosuric animal appears 
to resemble closely its behavior in the normal animal 


table 1 
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Og 

§5 

§ 9 
£ £ 

1 * 

0 

a 

0 0 

PERIOD 

w 

0 

gg 

0 % 

H 

| 

a 

a 

0 

u 

P 

0 
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H 

<a 

jji 

K 0 
w 

0 

1 

h 
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< 

e 
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«« 

gfc 

a P 
w n 

92. 

Serine, 1 29gms 

1 59 

| Igm 

6 

1 

. 

II 

III 

rv 

5 92 

6 67 
5 60 

15 44 
24 68 
17 02 

m 

1 11 0 

0 259 
0 227 


Cysteine, 14 88 
gms 

• 

1 72 | 

16 

1 

I 

II 
hi 

IV 

V 

B 

28 32 
38 12 

29 73 
26 54 


} 8 4 

0 217 
0 154; 
0 136' 
0 076 


Cvsteine, 15 73 
gms 

Valine, 20 gms 

1 82 

11 

1 

11 

hi 

IV 

6 11 
7 43 
7 35 

20 32 
30 36 
24 90 

3 41 

3 32 

4 09 
3 39 

| 12 2 

IIJH 


1 

2 39 


I 

II 
hi 

IV 

■ 

13 18 

12 14 

13 86 

3 46 
3 26 

2 33 

3 16 

} 18 

0 123 
0 043 
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TABLE I — Continued 
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TABLE I — -Continued 
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< 

Q 
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7 

i 


1 
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Histidine, 



ii 

1 45 5 68 

3 91 


0 01 ( 


8 38 grams 

2 40 


in 

2 65l 5 70 

2 17 

1 r 

0 001 





IV 

2 51 

4 52 

1 80 

/ C 

0 014 




7 

i 



3 46 
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ii 

4 24 

14 SO 

3 49 


0 26C 


11 IS grains 

3 28 


hi 

6 47 

16 72 

2 59 
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IV 

5 07 

14 14 

2 79 

/ 

0 315 


Phenylalanine, 


B 

I 

3 48 

12 67 

3 64 


0 734 

0 97 

11 grams 

0 93 


II 

4 55 


3 32 

} I- 

2 397 

2 52 




III 

3 80 

12 56 

3 30 

/ 1 2 

1 821 

1 46 



1 

IV 

3 61 

12 66 

. 

3 51, 

1 



1 56 



18 

in 



3 05 1 




lyrosine, 



m 

8 69 


3 4S! 



0 31 

20 grams 

1 55 


B3 

9 32 

32 16 

3 45 


0 328 

0 70 




IV 

8 74 

27 18 

3 llj 

■ 


0 79 




V 

8 93 

jjggffffl 

3 16j 



0 78 



7 

I 


1 

3 63: 




Tryptophane, 



II 

3 44 






14 5 grams 



III 

1 52 

15 IS 

3 36 

07 






n 

5 12 

15 94 

3 lljj 


jlag 


a-Hydroxj iso- 


12 

1 1 



3 41 




valeric Acid, 



ii 

Exmi 

24 93 



0 255 


15 grams 



hi 

0 16 

gjj 

3 21,1 

mm 

1 132 





"1 

i 

7 22\ 

i 

Rm| 

2 S7 J 

' i 

H 
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TiBLE III 


SUBSTANCE 

■WEIGHT OF 
SUBSTANCE 

■WEIGHT OF 
DOO 

1 

VOLUME 

PERFUSION 

FLUID 

TIME OF ! 
PERFUSION 

ACETO- 
ACETIC ACID 
FOUND 


grams 

kgm 

ce 

m*n 

mgm 

Blank * 


n 

1100 

50 

51 

Ornithine Carbonate 

2 0 

12 

1100 

45 

42 

Lysine Carbonate 

2 0 

15 

1200 

45 

60 

Lysine Carbonate 

2 0 

6 

1070 

50 

67 

■Vrgimne Carbonate 

3 5 

13 

1000 

45 

44 

Histidine Carbonate* 

2 5 

12 

1200 

50 

S6 

Proline 

2 0 

9 

950 

45 

49 

Di-iodotyrosine 

2 0 

7 

1000 

50 

44 

Tryptophane 

15 1 

13 

1210 

45 j 

54 


Average of many experiments 



A NEW METHOD OF ISOLATING TRYPSIN 

By HENRY LEOPOLD HOLZBERG 

(From the Rudolph SprecLels Physiological Laboratory of the University of 

California ) 

(Received for publication, February 12, 1913 ) 
INTRODUCTION 

It has been pointed out by Robertson 1 that “if one drop of a 
saturated solution of saframn (Grubler) be added to from 5 to 
10 cc of a neutral or very faintly alkahne 0 5 per cent solution of 
trypsin (Grubler) a light, flocculent, colored precipitate slowly 
appears on standing and gradually settles ” Robertson assumes 
that this precipitate is a compound of trypsin and saframn and 
infers that trypsin, m faintly alkahne or neutral solutions, behaves 
like an acid and combines with the color-base saframn to form an 
insoluble salt 

The present investigation was undertaken, m the first place, 
with a view of testing the accuracy of Robertson’s assumption 
that the substance precipitated by saframn is actually trypsin, 
and, in the second place, the correctness of this assumption having 
been proven, to endeavor to utilize this precipitate for the isola- 
tion of the proteolytic agent from pancreas extracts and commercial 
preparations of “trypsin ” 

The proteolytic activity of the saframn precipitate 

I have prepared the saframn precipitate from aqueous solutions 
of Grubler’s and of Fairchild’s trypsins and from aqueous extracts 
of sheep’s pancreas and liver, prepared by grinding up the organs 
with sand and an equal weight of water and filtering The pre- 
cipitate was obtamed by adding to these solutions three-eighths 
of their volume of an 0 8 per cent solution of Grubler’s saframn 

The yield was always very small Two and one-half grams of 
Grubler’s trypsin dissolved m 100 cc of water yielded, on theaver- 

l T B Robertson This Toumal,u, p 343,1907 
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age, a precipitate weighing from 60 to 75 mgm when washed in 
alcohol and dried over sulphuric acid Owing to its content of 
safranm the precipitate is of a deep red color and it is, moreover, 
almost insoluble in water I have made many attempts to extract 
the safranm from the compound by repeatedly washing with 
alcohol The compound would appear to be shghtly soluble m 
alcohol, however, as the amount of material diminished progres- 
sively during this process It proved, furthermore, impossible to 
extract the color from it, although the tint changed from red to 
purple Prolonged extraction with alcohol also caused the precipi- 
tate to become very sticky and rendered it difficult or impossible 
to scrape it off the filter I attempted to employ other solvents 
for extracting the safranm from the precipitate, namely, methyl 
alcohol, chloroform and benzin, but these were even less effective 
than ethyl alcohol and ether 

Despite its very slight solubility in water the safranm precipi- 
tate from Grubler’s trypsin and pancreas extracts exerts a very 
energetic proteolytic action The action of the precipitate from 
Fairchild’s trypsin was only shghtly inferior 

To 100-cc samples of a 2 per cent solution of casein in dilute 
KOH, neutral to phenolphthalem, I added 2 cc of water contain- 
ing 20 mgm of the safranm precipitate from various sources sus- 
pended in it For the purpose of comparison I added to a similar 
sample of casein solution a solution of 20 mgm of Grubler’s trypsin 
m 2 cc of water After stirring, these mixtures were allowed to 
stand for three hours at 35°C I then determined the relative 
amounts of casein digested, employing Robertson’s 3 refractometric 
method and obtained the following results 


TABLE L 


Safranm precipitate (Grubler) 

u « <i 

“ u (Fairchild) 

“ “ (Pancreas) 

u ii << 

“ “ (Liver) 

Trypsin (Grubler) 


GSAUS OF CASEIN DIGESTED 
FEB 100 CC OF DIGEST AJTEB 
3 BOOBS STANDI Mi AT 35 O 

1 144 
0 934 

0 724 

1 029 
0 934 

0 514 

1 973 


IT B Robertson This Journal, xn, p 23, 1912 
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It will thus be seen that the proteolytic activity of these prepara- 
tions was comparable with that of Grubler's trypsin, although they 
were nearly insoluble, while Grubler’s trypsin is nearly completely 
soluble We may infer, therefore, that if it were possible to free 
the preparation from safranm and so obtain it completely m solu- 
tion its proteolytic activity would be far higher than that of 
Grubler’s trypsin Hence it is certain that trypsin is actually pre- 
cipitated by safranm, and probable, also, that this precipitation 
separates the trypsin from the large proportion of inert impu- 
rities present m other preparations 

The presence of a large proportion of relatively inert substances m 
commercial preparations of trypsin 

If we remove the substance precipitable by safranm by adding 
three-eighths of its volume of an 0 8 per cent solution of safranm 
to a 2 5 per cent solution of Grubler’s trypsin and filtering, on 
adding several volumes of alcohol to the filtrate, we obtain a rather 
heavy, white and flocculent precipitate On adding to this fil- 
trate progressively increasing volumes of alcohol we obtain pro- 
gressively increasing yields of precipitate until a maximum yield 
is obtained by the addition of from five to six volumes of absolute 
alcohol This is illustrated by the following results 


25 cc 

filtrate plus 

25 cc 

TABLE n 

absolute alcohol 

no precipitate 

tt tt 

ft It 

50 “ 

tt 

it 

trace 

it tt 

t< tt 

75 " 

it 

ft 

0 020 grams 

tt It 

it it 

100 “ 

tt 

it 

0 150 « 

it It 

it ft 

125 “ 

it 

tt 

0 225 “ 

If It 

tt tt 

150 “ 

It 

tt 

0 255 “ 

ft (f 

tt tt 

175 “ 

tt 

tt 

0 225 “ 

ft « 

it tt 

200 « 

tt 

u 

0 265 “ 

it a 

U (< 

225 “ 

tt 

tt 

0 265 “ 


The average yield of the alcohol precipitate was from 0 8 to 1 2 
grams per 100 cc of the filtrate to which 600 cc of absolute alcohol 
were added, corresponding to a yield of from 1 1 to 1 6 grams 
from 2 5 grams of Grubler’s trypsin It is white m color or slightly 
pink owing to the presence of traces of safranm It is readily 
soluble m water, but possesses extremely little proteolytic activity 
(see table III) 
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In the filtrate obtained after the removal of the saframn- and 
alcohol-precipitable substances from Grubler’s trypsin colorless 
needles were deposited upon evaporation These were probably 
crystals of magnesium sulphate 
An alcohol precipitate can be obtained by adding alcohol 
directly to a pancreas extract or to a solution of Grubler’s trypsin 
Tins precipitate is white m color and contains the active substance 
present m the saframn precipitate, as shown by its high proteolytic 
activity (see table III) Only a relatively small amount of the 
alcohol precipitate can be obtained from Fairchild's trypsin 
The precipitate which is obtained by adding alcohol directly 
to a solution of Grubler's trypsin is soluble m water On adding 
saframn to this solution a precipitate is obtained 
After the removal of the saframn- and alcohol-precipitable sub- 
stances from aqueous extract of sheep’s pancreas, yet another sub- 
stance can be precipitated by the addition of ether This substance 
is soluble in alcohol and ether, but is insoluble in a mixture of 
the two m the rather definite proportion of six parts of alcohol 
to two of ether It is soluble in mixtures of chloroform and ether 
and does not yield the biuret reaction When dry it is white or 
faintly tinged with pink and slimy m consistency This substance 
could not be obtained from Grubler’s or Fairchild’s trypsins 
The proteolytic activities of the alcohol and ether-alcohol 
precipitates were determined m a manner described above In 
each case 20 mgm of the substance were dissolved m 2 cc of dis 
tilled water and added to 100 cc of a 2 per cent solution of casein 
The amounts of casein digested were determined after three hours 
digestion at 35°C The results are shown in table III 
From these figures it is clear that as compared with the saframn 
precipitate or with the "direct” alcohol precipitate the alcohol 
precipitate which is obtained from Grubler’s trypsin or from pan- 
creas extract after removal of the saframn-precipitable substance 
possesses extremely little proteolytic action, no more, m fact, 
t han might be attributable to contamination with a trace of the 
saframn-precipitable substance This fact confirms the view that 
the substance precipitated by saframn is actually trypsin and a o 
shows that Grubler’s and Fairchild’s trypsins contain a large pro- 
portion of inert substances It is also clear that trypsin (combined, 
however, with saframn) can be prepared in a much purer con ion, 
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TABLE irr 

Grams of casein digested 

PER 100 CC OP DIGEST AFTER 
3 HOURS BTANDINO AT 35 C 

(1) Precipitate obtained by adding alcohol directly 

to Grubler’s trypsin 0 618 grams 

(2) Precipitate obtained by adding alcohol directly 

to pancreas extract 1 447 “ 

(3) Precipitate obtained by adding alcohol to the fil- 

trate after removing the saframn-precipitable 
substance from Grubler’s trypsin 0 105 “ 

(4) Another precipitate of the same 0 211 “ 

(5) “ “ “ “ “ 0 092 “ 

(6) “ “ “ “ “ 0 198 “ 

(7) Precipitate obtained by adding alcohol to the fil- 

trate after removing the safranm-precipitnble 
substance from pancreas extract 0 105 “ 

(8) Another precipitate of the same 0 198 “ 

(9) “ “ “ “ “ 0 092 “ 

(10) Ether-alcohol precipitate from pancreas extract 

(after removal of the safranm- and alcohol- 
precipitable substances) 0 000 “ 

(11) Another precipitate of the same 0 105 “ 

in one operation, namely, by adding safranm to an aqueous pan- 
creas extract and collecting the precipitate 

Each of the fractions isolated, namely, the safranm, alcohol 
and ether-alcohol precipitates, were tested for lipolytic activity 
by employing tnacetin as a substrate None of them caused any 
splitting of this fat 

SUMMARY 

1 The substance, which is precipitated by the addition of 
safranm to aqueous solutions of Grubler’s or Fairchild’s trypsins 
or to aqueous extracts of pancreas, has a strong proteolytic action 

2 This precipitate contains saframn and is very sparingly 
soluble in water The author has not yet been able to extract the 
safranm from the compound or to render it more soluble m water 

3 The saframn-precipitable substance having been removed 
from aqueous solutions of commercial trypsin or pancreas extracts, 
considerable quantities of substances remain in solution which are 
precipitable by alcohol (Grubler’s and Fairchild’s trypsins and pan- 
creas extract) and by an alcohol-ether mixture of definite composi- 
tion (pancreas extract) These substances are practically devoid 
of proteolytic activity 




STUDIES ON THE CONDITIONS AFFECTING THE 
FORMATION AND EXCRETION OF FORMIC ACID 

THE ESTIMATION OF FORMIC ACID IN URINE 

By H D DAKIN, N W JANNEY and A J WAKEMAN 
( From the Herter Laboratory, New York City ) 

(Received for publication, March 10, 1913 ) 

But little is known of the excretion of the volatile fatty acids 
m urine Of their constant presence there can be no doubt, but 
knowledge as to their amount and the conditions affecting their 
formation and excretion is fragmentary The reason for this is, 
no doubt, m part due to the inadequacy of existing methods for 
their determination and separation For some time, we have been 
concerned with the problems of volatile fatty acid excretion and at 
present have occupied ourselves with devising a method for the 
estimation of the simplest of these acids, namely, formic acid 
The fact that formic acid has characteristic reducing properties 
not shared by the other members of the group, tends to simplify 
the problem of its determination, but it required but httle work to 
reach the conclusion that an accurate estimation of formic acid m 
a complex organic fluid, such as urine, is a very difficult matter 
It is doubtless for this reason that no trustworthy estimation of for- 
mic acid m urines has been, as yet, recorded 

Hitherto, the methods made use of for the isolation of volatile 
fatty acids in urine have been based upon their preliminary separa- 
tion by distillation with or without steam from the acidified urines 
But at the outset, this process introduces most serious error The 
prolonged action of mineral acids upon carbohydrate and other 
substances, invariably present to a greater or less extent m urines, 
results m volatile fatty acid production, especially formic acid 
In the case of diabetic urines, enormous quantities of formic acid 
may be produced m this manner, owing to the well-known cleav- 
age of glucose into laevulinic and formic acids The errors arising 
from these causes may be diminished by using weaker acids for 
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liberating the volatile acids, by distilling under reduced pressure 
at lower temperatures and by avoiding undue concentration of the 
urine during distillation, but the method, m our hands at least, is 
fundamentally unsatisfactory 

In connection with attempts to devise a better method, other 
sources of error were frequently encountered One of these, if 
overlooked, is apt to result m gross inaccuracies Thus, if a urine 
be rendered alkaline with carbonate of soda and evaporated on 
the water bath in order to concentrate the urine without loss of 
volatile fatty acids, it is found that the concentrated urine, especi- 
ally when carbohydrates are present, may contain several tunes 
as much volatile fatty acids after concentration as before Thus, 
for example, diabetic urines from dogs which actually contained 
from 20-50 mgms of formic acid in the twenty-four horns’ collec- 
tion, after evaporation to one-half the original volume on the water 
bath with a slight excess of carbonate of soda, were found to con- 
tain from 80 to over 1300 mgms The same change is observed, 
but to a much lesser extent, in urines free from excess of carbohy- 
drates 

An additional difficulty in arriving at a correct estimate of formic 
acid in urine was found in the curious variations shown in the formic 
acid contents of urines on standing Frequently an increase is 
observed, but often there is a decrease even when the urine is 
apparently in good condition Strong antiseptics are not admis- 
sible, but even when the urane is preserved at low temperatures m 
the presence of toluene, it is important to commence the analysis 
as soon as possible Urines showing any bacterial contamination 
must of course be rejected and, since organisms may act very rap- 
idly, especially in urines containing sugar, it is important that 
samples should be protected from decomposition as soon as possible 
after voiding Even slight fecal contamination at once invali- 
dates the results 

The foregoing considerations led us to the belief that in order 
to attempt the estimation of formic acid and other volatile acids in 
urmes, it would be necessary to devise a method which wou 
remove the acids from the mam bulk of urinary constituents wi 
a minimum of chemical manipulation With this end m view, we 
have worked out a procedure which, while far from ideal, does, we 
believe, offer substantial advantage over current methods 



Dakin, Janney and Wakeman 


343 


The method is based upon the observation that it is perfectly 
feasible, by means of ether, to extract at low temperatures all of 
the volatile fatty acids from acidified urine or other dilute aqueous 
solutions 1 The extraction is performed m any of the usual forms 
of apparatus arranged for contmuous extraction, and m order to 
prevent the volatile acids, once extracted from the aqueous solu- 
tion, from returning, we place an excess of carbonate of soda solu- 
tion m the ether reservoir, thus promptly neutralizing and fixing 
the volatile acids as fast as they are extracted By this means 
the volatile acids are obtained in alkaline solution free from the mam 
bulk of urinary constituents, carbohydrates, purme bodies, ammo- 
acids, etc , which interfere with an accurate estimation of formic 
or other volatile acids 

On acidifying the sodium carbonate solution with phosphoric 
acid and distilling in steam, the distillate contains all of the volatile 
fatty acids and may be used for the determination of formic acid 
by appropriate methods The method based upon the reduction 
of mercuric chloride to calomel has been found by us to be the 
most satisfactory The details of the method are described later 

The extraction of formic acid, from aqueous solutions by ether 

Preliminary experiments were made to determine the conditions 
governing the extraction of formic acid by ether About half a 
gram of formic acid m 130 cc of water was extracted with fether 
m a contmuous extractor for varying lengths of time Excess of 
alkali was placed in the ether reservoir In order to determine the 
amount of formic acid still remaining in the aqueous solution after 
varying times of extraction, 5 cc or more of the solution were 
removed at intervals and titrated against decinormal baryta 

In experiments I and II, the return flow of ether was fairly 
rapid, though not a contmuous stream, but m experiment III, the 
flow of ether was much slower The results show that formic acid 


1 The fact that formic acid can be extracted from aqueous solutions with 
ether, appears not to be generally known Curtius and Franzen, in order to 
demonstrate the presence of formaldehyde in plants, oxidized the aldehydes 
to acids and extracted with ether to remove the higher acids This 
procedure must lead to some loss of formic acid ( Ber d deutsch chem 
Gesellsch , xliv, p 1715, 1912 ) 
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EXPERIMENT 

I 

TIME OF EXTR4.CTIO V 

TITRATION OF 5 CC 
AQVzoua BQLxrtio v 

WITH -jJ- BARTTA 

j PERCENTAGE OP 

FORMIC ACID EXTRACTED 
BY ETHER 


• 1 

Before extraction 

4 20 

0 


After 1 hour 1 

1 65 

61 

I 

After 2 hours i 

0 35 

92 


After 3 hours 

0 05 

99 


After 4 hours 

Less than 1 drop 

100 


Before extraction 

4 20 

0 


After 1 hour 

1 20 

71 

II 

After 2 hours 

0 40 

90 


After 3 hours 1 

0 15 

96 


.‘liter 4 hours i 

Less than 1 drop 

100 


Before extraction/ 

5 10 j 

0 


j After 1 hour 

3 50 

31 

III 

j After 3 hours I 

0 40 

92 


After 4 hours 1 

0 15 

97 


After 6 hours 

Less than 1 drop j 

100 


is comparatively rapidly and completely removed from its aqueous 
solution when extracted with ether under the existing Conditions 
After four hours’ extraction almost the whcle of the formic acid 
had been removed In our subsequent determinations of formic 
acid, we allowed the extraction to continue for twelve hours, thus 
allowing a considerable margin of safety 
We have found that in order to recover the formic acid after 
extraction by ether and fixation with alkali, it is most convenient 
to separate the aqueous portion from the ether, acidify strongly 
with phosphoric acid and distil m a current of steam The dilute 
formic acid solution may then be neutralized with a distinct excess 
of caustic soda, evaporated on the water bath and is then, after 
neutralization with acetic acid, ready for gravimetric estimation 
by means of the mercuric chloride method That the procedure 
when carefully carried out does not involve loss was shown by 
taking 0 0964 gram of formic acid and recovering 0 0963, 0 0980, 

0 0968 gram m three consecutive experiments 
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Conditions affecting the determination of formic acid by mercuric 

chloride 

The determination of formic acid, based upon its reducing 
action upon mercuric chloride with formation of calomel, has been 
studied by Scala, 2 Lieben, 3 Leys 1 and others As there appeared 
to be a certain lack of agreement as to the most favorable condi- 
tions, we have reinvestigated some of the principal pomts 

1 Time and mode of heating The reaction between formic acid 
and mercuric chloride is a slow one and needs prolonged heatmg 
for its completion Smce heavy precipitates of calomel are apt 
to result in violent “bumping,” if the solution be boiled, we pre- 
fer to immerse the flasks provided with an air-cooled condenser 
tube, in a bath of boiling water The calomel was collected on 
weighed Gooch crucibles, washed and dried in the water-oven 
The subjoined results show that it is necessary to heat for at least 
six hours 


SERIES 

TIME OF 
HEATING 

MERCURIC 

CHLORIDE 

USED 

CALOMEL 

FORMED 

FORMIC 

ACID 

PRESENT 

FORMIC 

ACID 

FOUND 

DIFFERENCE 


hours 

grams 

gram 

gram 

gram 

gram 


1 

6 6 

0 9211 

0 0957 

0 0900 

-0 0057 


3 

6 6 

0 9556 

0 0957 

0 0933 

-0 0014 


4 

6# 6 

0 9719 

0 0957 

0 0919 

-0 0008 


G 

6 G 

0 9802 

0 0957 

0 0957 



1 5 

4 9 

0 4041 

0 0483 

0 0394 

-0 00S9 


2 5 

4 9 

0 4481 

0 0483 

0 0437 

-0 0046 

II 

3 5 

4 9 

0 4721 

0 0483 

0 0461 

-0 0022 

4 5 

4 9 

0 4808 

0 0483 

0 0470 

-0 0013 


5 5 

4 9 

0 4863 

0 0483 

0 0475 

-0 0008 


6 5 

4 9 

0 4935 

0 0483 

0 0482 

-0 0001 


5 

4 9 

0 4935 

0 04S3 

0 0482 

-0 0001 


6 

4 9 

0 4936 

0 0483 

0 0182 

-0 0001 

III 

7 

4 9 

0 4958 

0 0483 

0 0484 

+0 0001 

8 

4 9 

0 4953 

0 0483 

0 0484 

+0 0001 


9 

4 9 

0 4955 

0 0483 

0 0484 

+0 0001 


10 

4 9 

0 4979 

0 0483 

0 0486 

+0 0003 


* Scala Gaz chvm ital , vxvi, p 394, 1S90 

1 Ad Lieben Monalsh f Chem , xiv, p 753, 1S93 

1 A Leys Bull de la soc chim de Pans, (3), xix, p 472, 1898 
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2 Amount of mercuric chloride It is well recognized that, m 
order to obtain accurate results, the presence of a considerable 
excess of mercuric chloride is necessary Our experiments (see 
following table) show that under the conditions of heating chosen 
by us it is essential to have at least six to eight times the amount 
theoretically necessaiy In practice it is a good plan to use an 
amount of mercuric chloride equivalent to about one hundred 
times the weight of formic acid anticipated 


SERIES j 

TIME or 
HEATING j 

MERCURIC CHLORIDE 
USED 

CALOMEL 

FORMED 

FORMIC 

ACID 

PRESENT 

formic 

ACID 

FOUND 

DIFFER- 

ENCE 


hours j 


gram 

1 

1 gram 

gram 

gram 


6 ! 

2 X the or amt 

0 8789 

0 0957 

0 0858 


I 

6 

4 X theor amt 

0 9635 

0 0957 

0 0940 



6 

6 X theor amt 

0 9802 i 

0 0957 

0 0957 



6 

3 X theor amt 

0 4021 

0 0477 

0 0392 

-0 00S5 


6 

4 X theor amt 

0 4316 

0 0177 

0 0421 

-0 0056 

II 

6 

5 X theor amt 

0 4566 

1 0 0477 

! 0 0446 

-0 0031 

6 

6 X theor amt 

0 4639 

0 0477 

0 0452 

-0 0005 


6 

7 X theor amt 

0 4810 

0 0477 

0 0469 

-0 0008 


6 

8 X theor amt 

0 4797 

0 0477 

0 0408 

-0 0009 


3 Effect of sodium acetate and of acetic acid Since, in the course 
of estimating the formic acid m urine, the distillates were made 
alkaline with caustic soda and then concentrated and it was pro- 
posed to acidify with acetic acid before heatmg with mercuric 
chloride, it was necessary to investigate the effect of sodium acetate 
and of acetic acid The subjomed results show that under the 
existing conditions an excess of acetic acid up to at least 30 cc of 
decinormal strength was without effect Large amounts of sodium 
acetate tend to give high results probably due to the precipitation 
of a little mercurous acetate Such amounts as occur in the course 
of urinary analysis would be without effect 


FORMIC ACID 
TAKEN 

ACETIC ACID 
ADDED 

CRY8T SODIUM i CALOMEL 
ACETATE ADDED 1 FORMED 

FORMIC ACID DIFFERENCE 

found 

gram 

0 0477 

0 0477 

0 0477 

0 0477 

0 0477 

0 0477 

cc 

10 

30 

10 

gram* ! g ram 

! 0 4846 

0 4841 

0 4S68 

2 0 4992 

5 0 5008 

10 0 5107 

« 

gram 1 i ram 

0 0473 -0 0004 

0 0472 -0 0005 

0 0475 - 0 0002 

0 0487 +0 0010 

0 0488 +0 O0U 

0 0493 +0 0021 
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The procedure that has been found most satisfactory is as fol- 
lows As large a volume of fresh urme as may be conveniently 
handled is precipitated with solid ammonium sulphate, using about 
20 grams for each 100 cc of urme Aliquot portions of the filtrate 
are acidified with phosphoric acid and extracted for twelve hours 
with a rapid flow of ether We have commonly used 250 cc of 
urme and 10 cc of 50 per cent phosphoric acid It is well to use 
ether previously shaken with caustic soda solution The flask 
m which the ether is boiled contains about 20 cc of 5 per cent 
sodium carbonate solution 

At the close of the extraction, the contents of the flask are 
transferred to a separatory funnel and the alkaline solution is 
allowed to flow into a flask suitable for steam distillation The 
ether is washed twice with a httle water and the washings added to 
the flask The whole is then acidified with phosphoric acid and 
the volatile acids recovered by distilling in a rapid current of 
steam Ordinarily, it suffices to collect a liter of distillate If 
necessary, the distillate is filtered through a wet filter paper in order 
to remove traces of higher fatty acids It is convenient to deter- 
mine the total acidity by titrating an aliquot part of the distillate 
(100 cc ) with decinormal baryta and phenolphthalein Often 
considerable variation in the acidity, as determined by titration 
of duphcates, may occur, owing to the presence of carbon dioxide 
in varying quantity The remainder (900 cc ) is then made dis- 
tinctly alkaline by adding caustic soda solution and concentrated 
on the water bath to about 50 cc It is convenient to neutralize 
with alkali of known strength and to add a definite excess — say 
20 cc of decinormal solution — as m this case the subsequent acidi- 
fication is most readily managed Dilute acetic acid is now added, 
after cooling, m amount shghtly more than that necessary to neu- 
tralize the excess of caustic soda, so as to render the solution dis- 
tinctly acid to litmus After filtering into an Erlenmeyer flask, 
excess of mercuric chloride is added For each cubic centimeter of 
total acidity measured with decinormal alkali, it is well to use 5 
cubic centimeters of saturated mercuric chloride solution The 
addition of thermercuric chloride is occasionally followed by an im- 
mediate trifling turbidity which cannot be easily removed by filtra- 
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tion The origin of this turbidity is unknown but it is not due to 
lower fatty acids, lactic benzoic, phenylacetic or hydroxyphenyl- 
acetic acids, and since the relative weight of calomel obtamed from 
formic acid is so large, it does not mtroduce a significant error 
The flask is now provided with a short air-cooled condenser tube 
and heated for at least six hours by i mm ersion m a boiling water 
bath After cooling, the precipitate is filtered off on a weighed 
Gooch crucible and washed with 100 cubic centimeters of cold 5 
per cent hydrochloric acid, then successively with water, alcohol and 
ether Finally it is dried for about two hours in the water-oven 
and weighed (1 gram calomel = 0 0977 gram formic acid) The 
object of washing with the hydrochloric acid is to remove some 
slight impurities which are apt to occur m the precipitates obtained 
from urines, while the calomel is substantially unattacked, pro- 
vided the hydrochloric acid is not used hot It is advisable to make 
blank tests on the reagents as they will usually be found to give 
5-10 mgms of precipitate equivalent to 0 5- 1 mgm of formic acid 
Oxalic, lactic and crotomc acids do not act as disturbing factors 
in this estimation of formic acid 

Formic acid as a product of intermediary metabolism 

The constant presence of formic acid m urines and the compar- 
ative ease with which it undergoes oxidation in the animal body, 
makes it appear probable that it is an important product of inter- 
mediary metabolism, but there is an almost entire lack of informa- 
tion concerning the origin of the acid 

Pohl showed that an increased formic acid excretion followed 
administration of formaldehyde, methylamine, methyl alcohol and 
some derivatives of these substances, but these results have little 
beanng on the processes of normal metabolism More recently 
Steppuhn and Schellbach 5 reported an increase m formic acid out- 
put following glucose administration by mouth and they believe 
that its formation may be demonstrated when liver tissue under- 
goes autolysis in the presence of glucose The risk of bacterial de- 
composition of sugar with production of formic acid in these experi- 
ments would appear to be great and in addition xve are inclined o 
believe that the method of analysis employed xvas not adequate o 

s Zextschr { physiol Chem , lxxx, p 274, 19X2 
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the difficult task of estimating formic acid m the presence of much 
glucose 

Our experiments are concerned with the following points 

I Formic acid in normal human urmes 

II The influence of starvation, and of carbohydrates and pro- 
teins on the formic acid excretion 

III The relation of higher fatty acids and other substances to 
formic acid production 

I Formic acid, m normal urmes Twelve analyses of normal 
human urines, from individuals on mixed diets, gave results vary- 
ing from 29 9 to 118 6 mgms in the twenty-four hours with an 
average excretion of 60 3 There was no obvious relation between 
weight, urine volume or nitrogen excretion These data are there- 
fore omitted 

On increasing the consumption of carbohydrates, the formic 
acid excretion shows a tendency to mcrease (35 0-175 mgms per 
24 hours Average, 96 mgms ) The effect of excessive protem 
is similar but less marked (34 6-99 mgms per 24 hours Average, 
67 mgms ) These effects are seen more clearly m the experiments 
on dogs 

II Effect of starvation , carbohydrates and -proteins The excre- 
tion of formic acid m animals rapidly falls on starvation to about 
one-third the normal amount The average result of six experi- 
ments on dogs weighing 10-12 kgms is 8 9 mgms per 24 hours 
On administering carbohydrates (potatoes) to these animals a 
marked mcrease in formic acid is observed The average excre- 
tion on a potato diet was 51 mgms On feeding meat freely, a very 
definite mcrease over the output during starvation is observed, but 
the effect is somewhat less than that observed with carbohydrates 
The average output on a meat diet for the same animals was 27 
mgms 

Smce it is known that many mtestmal microorganisms may not 
only ferment but also produce formic acid from both carbohydrates 
and proteins, it was conceivable that these increases m formic acid 
excretions were due to bacterial activity That this explanation 
does not account for the rise was shown by the fact that a marked 
mcrease in formic acid output was found to follow intravenous 
injections of glucose given to fastmg dogs It seems likely there- 
fore that formic acid is an intermediate product of the catabr 
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of carbohydrates and proteins The relatively small amount of 
the acid actually excreted is due m part, no doubt, to the fact that 
it undergoes further oxidation m the body with ease It is at 
present impossible to form an estimate of the amount actually pro- 
duced 

An attempt was made to gain some insight into the protein con- 
stituents which were capable of yielding formic acid by administer- 
ing to cats and rabbits certain ammo-acids and allied substances 
(table III) Glycine, glycolhc acid, alanme, lactic acid and 
aspartic acid led to no definite rise in formic acid excretion, but tno 
experiments, in which relatively large amounts of histidine hydro- 
chlorido were given to cats, resulted m a very definite increase m 
formic acid output It is noteworthy, too, that phlorhizm gly- 
cosuria induced in starving dogs, accompanied by a large increase 
in protein catabolism, is followed by a rise in formic acid output 

III The relation of formic acid to higher fatty acids In a pre- 
liminary note 5 published by two of us(HDD and A J W ) it was 
stated that "the administration of the sodium salts of fatty acids 
may result in the excretion of from ten to thirty times the normal 
amount of formic acid ” This statement was made on the basis of 
more than fifteen separate experiments, but as the result of a much 
larger number, carried out subsequently, we are forced to the con- 
clusion that we largely overestimated the increase and we there- 
fore wish to correct our earlier statement The later experiments 
show that while an increase in formic acid output does commonly 
follow administration of the sodium salts of fatty acids, it seldom 
amounts to more than three to four times the normal output In 
our earlier experiments we were not aware of many of the sources 
of error in formic acid analyses referred to at the commencement 
of this paper 

A few of our later experiments were recorded m table III hi 
order to further test the possibility of formic acid arising from 
the oxidation of higher fatty acids in the body, experiments were 
made to determine the formic acid in blood to which sodium acetate 
and propionate had been added before and after perfusion of the 
surviving liver of dogs Our experiments gave negative resul s 
and there r > '1 dc° 1 m 
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In conclusion, reference may be made to the possible produc- 
tion of formic acid from caffeine and theobro min e when these sub- 
stances undergo demethylation in the animal body Preliminary 
experiments have given encouraging results and the question will 
be submitted to a careful ex amin ation 

SUMMARY’ 

An improved method for the estimation of formic acid is de- 
scribed 

The formic acid present in the urine is m part of endogenous 
origin The excretion of formic acid is greatly reduced during 
starvation but is largely increased when carbohydrates are given, 
either by mouth or when glucose is given intravenously Protein 
feeding is followed by a s imil ar but smaller increase in formic acid 
output Formic acid appears to be a product of the intermediary 
metabolism of carbohydrates and proteins 

The effect of a number of other substances on formic acid excre- 
tion was investigated, including ammo, hydroxy and saturated 
fatty acids 


TABLE I' 


Effect of fasting, carbohydrates and proteins on formic acid excretion 


EXPEBI- 

WEIGHT OF 

FOBMIC 

TOTAL 



WENT 

DOQ 

ACID 

NITROGEN 




kgm 

mgm 

grams 




11 

6 6 

2 5 

Fasting 

Average for 3 days 



60 0 

4 7 

Potatoes 






and gravy 

Average for 2 days 



27 5 

20 5 

Meat 

Average for 2 days 


13 

8 3 

3 9 

Fasting 

Average for 3 days 

n 


30 0 

31 5 

Meat 

Average for 4 days 


62 0 

3 6 

Potatoes 

Average for 4 days 



44 0 

6 7 

Fasting 

Phlorhizin glycosuria 

hi 

12 7 

9 5 

3 0 

Fasting 

Average for 2 days 


32 0 

2 1 

Potatoes 



7 All figures refer to twenty-four-hour periods 


THH JOURNAL Or BIOLOGICAL CHEMISTRY VOL, XIV NO 4 



3 5 2 Estimation of Formic Acid in Urine 


TABLE II 


Effect of intravenous injections of glucose on formic acid excretion 


E XPERI* 
WENT 

• WEIGHT OP 
DOO 

I FORMIC 
j ACID 

TOTAL 

NITROGEN 

CONDITIONS 

I 

Lgm 

11 

mem 

14 1 

69 0 


Average for 2 days after 3 days fast- 
ing 

200 grams glucose given intraven- 
ously 97 6 grams excreted un- 
changed 

II 

12 7 

9 5 

23 4 


Average for 2 days 

SO grams glucose given intraven- 
ously 33 grams excreted un- 
changed 

III 

8 9 

i 

5 7 

45 8 

1 9 

3 0 

Fasting 

71 grams glucose given intraven- 
ously 28 5 grams excreted un 
changed 

IV 

10 

8 2 

47 8 

2 G 

3 0 

Fasting 

100 grams glucose given intraven- 
ously 37 grams excreted un- 
changed 


TABLE HI 


Effect of various substances on formic acid excretion 


animal 

WEIGHT 

FORMIC 
ACID 24 

TOTAL 

NITROOEN 

SUBSTANCES GIVEN* 






kgm 

mgm 

grama 


f Cats 

2-3 5 

2 0-5 6 


Fasting Average of 5 experi- 





ments 

(Cats 

2-3 5 

6 3-9 4 


Meat diet Average of 3 ex- 





periments 

Cat 


5 9 

1 88 

Sodium chloride 100 cc 0 85 




per cent intravenously 

Cats 

2-3 5 

2 1-7 9 


Sodium bicarbonate 3-5 grams 




intravenously Average of 

5 experiments 


/ Rabbit , 

\ Rabbit 

1 9 

19 

3 4 

9 1 

1 7 

0 8 

Acetic acid, 2 grams by mouth 


Intrawnoua /nl^tloiuuauSiy'mcMured 50-150 cc and lasted ono to tout hours. 
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TABLE III — Continued 


ANIMAL 

WEIGHT 

FORMIC 
ACID 24 
HOURS 

TOTAL 

NITROGEN 

SUBSTANCES QrVEN* 


kgm 

mgm 

grama 


Cats 

2 5-3 0 

13 0-44 5 

1 

1 

Acetic acid, 3-4 5 grama in- 
travenously 

Cat 

3 0 

23 0 

2 34 

Propionic acid, 5 grams in- 
travenously 

Cat 

3 0 

19 0 


Propionic acid, 7 grams in- 
travenously 

I Rabbit 

1 2 

5 2 

0 8 


\ Rabbit 

1 2 

10 1 

1 3 

Butyric acid, 2 grams by 
mouth 

Cat 

Cat 

3 5 

I 

29 8 

13 7 

1 

4 50 

0 59 

Butyric acid, 5 grams intra- 
venously 

Glycolhc acid, 4 grains intra- 
venously 

/ Rabbit 

1 8 

7 1 

1 9 


\ Rabbit 

1 S 

7 9 

1 5 

Lactic acid, 2 5 grams by 
mouth 

/ Rabbit 

1 2 

3 4 

1 7 


\ Rabbit 

1 2 

3 7 

1 1 

Acetoacetic acid, 2 5 grams by 
mouth 

Cat 

3 5 

11 7 

5 22 

Glycocoll, 5 grams intraven- 
ously 

Cat 

2 7 

9 3 

4 5 

Alanine, 6 grams intraven- 
ously 

Cat 

3 0 

12 3 

5 04 

Aspartic acid, 6 grams intra- 
venously 

Cat 

J Cat 

2 8 

2 8 

27 0 

6 5 1 

2 73 

Histidine carbonate, 2 grams 
intravenously 

\ Cat 

2 8 

42 4 


Histidine carbonate, 3 grams 
intravenously 

Cat 

3 5 

82 0 


Histidine hydrochloride, 3 5 
grams subcutaneously 

Cat 

3 1 

430 0 

3 03 

Methyl alcohol, 10 grams in- 
travenously 

Cat 

3 1 

8 7 

1 89 

Ethyl alcohol, 20 grams intra- 
venously 


All acids In form of sodium salts 

Intravenous injections usually measured 80-150 co and lasted one to four hours 



THE RELATIVE INFLUENCE OF WEAK AND STRONG 
BASES UPON THE RATE OF OXIDATIONS IN THE 
UNFERTILIZED EGG OF THE SEA URCHIN 

By JACQUES LOEB and HARDOLPH WASTENEYS 
(From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, March 15, 1913 ) 

1 About six years ago it was shown by Loeb that bases (NaOH, 
KOH) can induce artificial parthenogenesis m the eggs of sea ur- 
chins and annelids 1 This action of the bases was suppressed or 
retarded when the oxidations in the egg were suppressed or retarded 
by the withdrawal of oxygen from the alkaline solution or by the 
addition of a small amount of KCN 2 He therefore concluded 
that the bases induced artificial parthenogenesis through an accel- 
eration of the rate of oxidations in the egg Last summer the same 
author showed that the weak base NH 4 OH is much more efficient 
for the causation of artificial parthenogenesis than the strong bases 
NaOH, KOH or tetraethylammoniumhydroxide 3 This he explained 
on the basis of the fact found by 0 Warburg, 4 and extended by 
Harvey, 5 that the weak bases diffuse more readily mto the egg 
while the strong bases do not This behavior was an analogue 
to the fact found by Loeb in 1905 that weak acids hke CO 2 or the 
monobasic fatty acids induce membrane formation and develop- 
ment readily m the unfertilized egg of the sea urchin, while the 
strong acids hke HC1 or oxalic acid are very ineffective 6 This 
fact he explained on the assumption that the weak acids diffuse 
readily mto the egg while the strong acids do not While the bases 

1 Loeb Pfldger’s Archiv, cxvni, p 572, 1907 
1 Loeb 1 bid , cxvm, p 30, 1907 
5 Loeb Journ of Exp Zoology, xiu, p 577, 1912 
* Warburg Zeitschr f physiol Chem , lxvi, p 305, 1910 
1 Harvey Journ of Exp Zodlogy, x, p 507, 1911 

« Loeb Umv of Cah] Publ Physiol , 11 , p 113, 1905, Btochem Zeitschr , 
xv, p 254, 1909 
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only acted in the presence of oxygen, the action of the acids wa 3 
independent of oxidations in the egg 

2 More recently Loeb extended his investigations on the rela- 
tive efficiency of weak and strong bases for artificial parthenogene- 
sis to a larger number of bases The egg used was that of an anne- 
lid, Polynoe It was found that the bases, in regard to their 
efficiency for this purpose, may be divided into three groups The 
most efficient were the amines of which benzyl, butyl, ethyl and 
methylamine were tried Benzyl and butylamine were possibly a 
little more efficient than ethyl and methylamine Next in effi- 
ciency were NH 4 OH and trimethylamme The least efficient were 
the strong bases NaOH and tetraethylammomumbydroxide 

The relative efficiency of these bases for the causation of artifi- 
cial parthenogenesis was tested in this way that the unfertilized 
eggs of Polynoe were put into solutions containing the same molecu- 
lar concentration of these various bases The reciprocal value of 
the time required for the various bases to cause development was 
the measure of their relative efficiency The simple amines 
acted most quickly, then followed NH 4 OH and trimethylamme, 
the strong bases required more time than either of the two other 
groups of bases 

3 These experiences suggested an investigation of the influence 
of the various bases upon the rate of oxidations in the unfertilized 
egg, to find out whether the weaker bases raised the rate of oxida- 
tions more than the stronger bases 

The experiments were carried out on the unfertilized egg of 
Sirongylocentrotus purpuralus in Pacific Grove, California The 
oxygen consumption was determined according to Winklers 
methods The experiments were made m this way that the oxy- 
gen consumption for the same lot of eggs was first determined m a 
neutral solution and then for the same length of time and the same 
temperature in an alkaline solution The experiments were ma e j 
in a half gram molecular mixture of NaCl + KCl + CaCU in 
that proportion m which these three salts are contained in the sea 
water The reader who is interested in the details of the met 0 ^ 
may be referred to our former publications or to those of ar 
burg 7 

i Loeb and Wasteneys Btochem Zeitschr , xxvm, p 340, 1910, H arburg 
ioe ci I 
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We first give the results of a series of experiments m which the 
relative influence of various bases was compared The time of 
exposure was one hour and twenty-five minutes, the temperature, 
18°C The concentration of the bases chosen was that found 
most effective in Loeb’s previous experiments on artificial partheno- 
genesis The oxygen consumption was first measured in a neu- 
tral solution and then for the same eggs m the alkaline solution 
in which 0 3 cc of of the various bases was added to 50 cc of the 
solution 


TABLE 1 





ACCELERATION 

NUMBER OF 
EXPERIMENT 

NATURE OF SOLUTION 

OXYGEN 

CONSUMED 

OF HATE OF 
OXIDATION BT 




THE BASE 



7710771 


I 

/ Neutral 

0 28 



\ 50 cc neutral + 0 3 cc -nr NaOH 

0 40 

1 43 

II 

/ Neutral 

\ 50 cc neutral + 0 3 cc ns tetra- 

0 15 



ethylammoniumhydroxide 

0 22 

1 50 

III 

/ Neutral 

0 30 



\ 50 cc neutral + 0 3 cc -nr NH ( OH 

0 81 

2 70 

IV 

/ Neutral 

\ 50 cc neutral + 0 3 cc ns trimethyl- 

0 40 



amine 

1 19 

3 00 

V 

/ Neutral 

\ 50 cc neutral + 0 3 cc methyl- 

0 25 



amine 

1 18 

4 70 

VI 

/ Neutral 

0 28 



\ 50 cc neutral + 0 3 cc nr ethylamine 

1 35 

4 80 

VII 

/ Neutral 

\ 50 cc neutral + 0 3 cc xv butyl- 

0 32 

: 


amine 

1 23 

3 80 

VIII 

/ Neutral 

\ 50 cc neutral + 0 3 cc benzyl- 

0 22 



amine 

1 30 

5 90 


These experiments, which were repeated with the same result, 
show clearly that the relative efficiency of the bases for inducing 
artificial parthenogenesis m the unfertilized eggs of Polynoe and 
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the sea urchin runs parallel with their accelerating influence upon 
the rate of oxidations in the unfertilized egg of the sea urchin 
Incidentally it may be stated that NaHC0 3 does not accelerate 
the rate of oxidations in the unfertilized egg nor does it cause arti- 
ficial parthenogenesis 

4 We compared next the relative effect of various concentrations 
of NaOH and NH 4 OH upon the rate of oxidations in the unferti- 
lized sea urchin egg, during one hour We will state only the co- 
efficient of the rate of oxidation in the various solutions, calling the 
rate in the neutral solution 1 


table u 


AMOUNT OF BASE ADDED TO 

sc (NaCl + KCl + CaCli) 

COEFFICIENT OF ACCELERATION OF 
OXIDATIONS IN 

NaOH 

j NHiOH 

0 2 cc 

N 

T<r 

1 

35 

1 

29 

0 5 cc 

N 

T5 

1 

87 

5 

00 

0 8 cc 

s 

TU 

1 

74 

5 

94 

1 0 cc 

M 

VS 

2 

06 

6 

10 

1 4 cc 

N 

VS 

1 2 

32 

6 

40 

2 0 cc 

N 

VS 

3 

42 

6 

23 

2 5 cc 

N 

VS 

4 

57 

5 

70 

2 0 cc 

N 

VS 

7 

60 

6 

00 


The reader will notice the striking difference m the behavior 
of NH 4 OH and NaOH Very low concentrations of NH4OH 
(0 5 cc per 50 cc of solution) raise the rate of oxidations in the 
fertilized egg almost to the maximal height, and a further rise in the 
concentration has only a slight effect upon the rate of oxidation 
Low concentrations of NaOH raise the rate of oxidation only little 
and its efficiency rises steadily with an increase in its concentration 
We could not go beyond the concentrations used m this experiment 
since the addition of 3 cc of NaOH to 50 cc of NaCl + KCl + 
CaClj leads already to a cytolysis of the eggs 

It is also of interest to point out that m the eggs of Sirongylo- 
centrotus -purpuralus fertilization by sperm raises the rate of oxi- 
dation to about six times that in the unfertilized eggs This seems 
to indicate that with NH 4 OH it is not possible to raise the rate 0 
oxidations m the unfertilized egg beyond the limit to which 1 
can be raised by the fertilization with sperm It is not possib e 
to decide whether the same holds true for NaOH 
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The fact that NH 4 OH reaches its maximum effect at so low a 
concentration is not confined to NH 4 OH but is also shared by the 
amines, as the following table shows NH 4 OH and ethylamine 
were compared 


table m 


AMOUNT OF BABE ADDED TO 

fiO cc tjt (NaCb + KCd+ CaCli) 

COEFFICIENT OF ACCELEBATION OF 
OXIDATIONS IN 

NHiOH 

Ethylamine 

0 1 cc "nr 

1 9 

I 4 

0 2 cc "ny 

2 9 


0 4 cc "nr 

3 4 

4 3 

0 8 cc "nr 

3 9 

4 2 


Ethylamine reaches its maximal efficiency at the concentration 
of 0 4 cc of xtr base to 50 cc of the neutral liquid, and for NH4OH 
the limit is nearly at the same pomt as m our previous experiment 
5 It seems natural to connect this difference m the behavior of 
NaOH and NH 4 OH with the difference in the rate of their diffu- 
sion into the unfertilized egg If the rate of diffusion of NaOH 
is extremely slow and that of NH 4 OH fast, it is natural that the 
maximal rate of oxidation should be reached with a lower concen- 
tration of NH4OH than of NaOH We determined the consump- 
tion of oxygen for the same lot of eggs for eight consecutive hours 
m 50 cc of sea water + 1 0 cc of -nr NaOH The following table 
gives the result 

TABLE IV 


Consumption of oxygen at 18 8 in SO cc of normal sea water + 1 0 cc of nr 
NaOH m eight consecutive hours 



OXYGEN CONSUMED 1 

COEFFICIENT OF 
OXIDATION 

1st hour 

mgm 

0 24 

1 00 

2d hour 

0 38 

1 57 

3d hour 

0 45 

1 87 

4th hour 

0 50 

2 08 

5th hour 

0 58 

2 42 

6th hour 

0 72 

3 00 

7th hour 

0 92 

3 84 

8th hour 

0 95 

3 96 


This table shows that the longer the NaOH acts upon the egg 
the higher the amount of oxygen becomes which is consumed per 
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hour This would agree with the assumption that the NaOH 
diffuses slowly into the egg and that the increase in the rate of oxi- 
dations in the unfertilized egg is determined by the amount of 
base which has diffused into the egg 
6 It was to be expected that smce NH 4 OH is very soluble m the 
egg, 1 e > diffuses rapidly into the egg, its maximum effect would 
be reached during the first hour This was found to be true, as 
the following table shows 


TABLE V 

Consumption of oxygen by unfertilized egg s at 18° in 50 cc of normal sea 
water + 0 8 cc of NHtOH 


OXTOEN COEtTICJEVI or 
CONSUMED OXIDATION 


mgm 


Normal sea water 

50 cc sea water -f-0 8 cc xy NH 4 OH 
50 cc sea water + 0 8 cc xjNH 4 OH 
50 cc sea water + 0 8 cc NH, OH 
50 cc sea water + 0 8 cc xw NH 4 OH 
50 cc sea water + 0 S cc xj NHfOH 


1st hour 
2d hour 
3d hour 
4th hour 
5th hour 


0 15 

0 99 

1 03 
0 87 
0 80 
0 83 


1 0 
67 
69 
5 8 
5 7 
5 5 


7 We intend to investigate in future experiments whether these 
effects of bases upon the rate of oxidations m the unfertilized eggs 
are irreversible, z e , will continue if the eggs are put into normal 
sea water after the treatment with alkali But, we have an experi- 
ment which possibly serves the same purpose We measured the 
amount of oxygen consumed in one hour by the eggs mentioned 
m the last table m the same solution sixteen and twenty-four 
hours, respectively, after the experiment In the meantime the 
eggs had been kept at a low temperature m normal sea water 
The rate of oxidation after SLxteen or twenty-four hours was prac- 
tically the same as in the second hour 

8 These experiments prove two facts, first, that the weaker 
bases increase the rate of oxidations in the unfertilized egg more 
than the stronger bases, and second, that this difference is due to 
the fact that the weaker bases diffuse more rapidly into the egg 
than the strong bases 

The connection between the oxidative action of bases and arti - 
cial parthenogenesis lies in the fact that the essential factor in 





Jacques Loeb and Hardolph Wasteneys 361 


artificial parthenogenesis is an alteration of the surface or cortical 
layer of the egg which results in a membrane formation Loeb 
has shown m former experiments that bases cause the swelling and 
liquefaction of the gelatinous mass (the so-called chorion) which 
surrounds the immature egg of a mollusc, Lottia , and that this 
action of bases is inhibited by lack of oxygen and by the addition of 
KCN 8 This year the same author convinced himself that weak 
bases like the amines and NHjOH bring about the dissolution of 
the chorion much more rapidly than the strong bases NaOH and 
tetraethylammomumhydroxide It is possible that the induction 
of artificial parthenogenesis in the sea urchin egg by bases depends 
upon the occurrence of a similar process m the cortical layer of this 
egg 9 We may imagine that they act by accelerating the rate of 
oxidation of a substance (existing in the cortical layer of the egg ? ) 
whereby the membrane formation and consequently the develop- 
ment of the egg is mduced 


SUMMARY 

The paper shows that the weak bases which are more efficient 
in causmg artificial parthenogenesis are also more efficient m rais- 
ing the rate of oxidations m the unfertilized egg This lends fur- 
ther support to the view expressed by Loeb that the bases cause 
artificial parthenogenesis through an acceleration of the rate of 
oxidations 

The experiments were carried on at the Herzstein Laboratory m 
Monterey, California, and the authors express their thanks to Drs 
Robertson, Maxwell and Moore for their kind hospitality 


8 Loeb Umv of Calif Publ Physiol , m, p 1, 1905 

8 Loeb Die chemische EntwicUungserregung des lienschen Eies, Berlin, 
1909, p 181 




FURTHER METABOLISM EXPERIMENTS UPON PARA- 
THYROEDECTOMIZED DOGS 

By ISIDOR GREENWALD 

(From the Laboratories of Pathology and of Biological Chemistry of Columbia 
University and the Chemical Laboratory of the Montefiore Home ) 

(Received for publication, March 19, 1912 ) 

In a previous paper , 1 the author described a series of metabolism 
experiments upon parathyroidectomized dogs The most striking 
change in the metabolism observed after removal of the parathy- 
roids was the very marked diminution in the excretion of phos- 
phorus in the urine This was not accompanied by an increase 
in the elimination of phosphorus m the feces Apparently there 
was a retention of phosphorus m the body 

One of the questions that then arose was Is this retention of 
phosphorus a primary metabolic disturbance or is it secondary to a 
retention of sodium or of potassium or of both? The experiments 
here reported were designed to answer this question The results 
leave no doubt that the retention of phosphorus is primary In 
none of the experiments was there any indication of a retention of 
sodium or of potassium preceding that of phosphorus In three, 
the fall m the phosphorus elimination occurred a day before the 
excretion of sodium and potassium was affected In the other 
two, the excretion of all three substances was diminished on the 
day of the operation 

The significance of these experiments is not altogether clear It 
may be that, after parathyroidectomy, the ratio between the con- 
centrations of calcium and of sodium and potassium m the body- 
fluids is altered not so much by loss of calcium as by retention of 
sodium and potassium A few analyses of serum indicate that 
this is the case Whether or not such a change can be regarded 

1 Greenwald Amer Joum of Physiol xxviii, p 103, 1911 
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as the cause of tetany is, of course, questionable However, 
since these changes in the excretion of phosphorus, sodium and 
potassium are so marked, it seemed desirable that the content 
of these substances m the tissues be investigated Some work 
has already been done on the amount and nature of the phosphorus 
compounds of the blood and serum of normal and parathyroidec- 
tomized dogs An account of these experiments is given in the 
following paper 

As m the previous experiments, the author is indebted to Dr 
W G MacCallum, who was land enough to operate upon the 
ammals required 


EXPERIMENTAL 

The conduct of the experiments was similar to those previously 
reported 1 The analytical procedures were the same with the 
following additions and changes 

Phosphates Titration with uranium acetate, using cochineal as indicator 

Mineral acidity The Fohn method 5 

Potassium and sodium Fifty cc of urine are ashed, with the aid of fl 
httie sulphuric acid, m a platinum dish The residue is dissolved m water 
and treated with an excess of barium hydroxide The precipitate is filtered 
out and washed thoroughly A slight excess of sulphuric acid is added to 
the filtrate After filtering from the barium sulphate, the liquid is evapora- 
ted to dryness in a weighed platinum dish, which is then ignited and weighed 
(The trace of calcium present is included but may be disregarded ) The 
residue 13 dissolved m about 20 cc of water, 2 cc of glacial acetic acid 
are added and the potassium precipitated as the cobaltmitrite by adding 
20 cc of the solution of Adie and Wood/ drop by drop (this was found to be 
necessary to ensure correct results) After standing over night the precipi 
tate is filtered off on a Gooch crucible fitted with a piece of filter paper, 
and washed with 10 per cent acetic acid, as recommended by Thompson and 
Morgan, 5 whose directions are followed from this point The crucible with 
the precipitate is placed in the beaker m which the precipitation has been 
made, an excess of barium hydroxide solution is added and the liquid is 
boiled for two or three minutes The precipitate of cobalt hydroxide is 
filtered off and washed The filtrate and washings are diluted to a definite 
volume, generally 250 cc This liquid is then run mto a hot, dilute standard 


* Greenwald loc cit 

5 Folin Amer Joum of Physiol , ix, p 265, 1903 

4 Adie and Wood Joum of the Chem Soc , Ixxvu, p 1076, 1900 

5 Thompson and Morgan Joum of Ini and Eng Chem , m, p 39s, 
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solution of potassium permanganate, containing sulphuric acid, until this 
is decolorized From the volume required, the amount 6f potassium 13 
calculated and from this and the weight of the mixed sulphates, the amount 
of sodium 


TABLE I 


Excretion, of phosphorus after incomplete (?) parathyroidectomy Dog 205 


DATE 

1912 

WEIGHT 

VOLUME 

QP OH 

PHOS 

PHATE8 

REMARKS 

February 

hlos 



jngm P 


6 

11 67 



361 


7 

11 72 


1 019 

366 


8 

11 70 

380 

1 020 

393 


9 

11 70 

400 


406 


10 

11*70 

450 

1 018 

511 


11 

11 70 

400 

1 020 

438 


12 


415 

1 021 

467 

Parathyroidectomy, 

13 

11 70 

400 

1 017 

353 

12 noon, Feb 11 

14 

11 72 

330 

1 022 

324 


15 

11 72 

380 

1 020 

445 



At no time did the dog show any evidence of a parathyroid insufficiency 
The excretion of phosphorus remained almost unchanged 

TABLE II 


Urinary data Dog 209 


DATE 

1912 

VOLUME 

8P OB 

NITBOQEN j 

CHLOniNE | 

PHOS- 
PHATES 1 

| POTASSIUM 

SODIUM 

February 

CC 


grams 

1 

mgm 

mgm P 

1 mgm 

mgm 

27 

600 

1 016 

7 567 

605 

651 

1027 

370 

28 

460 

1 020 

7 741 

240 

562 

727 

32 

29 

400 

1 018 

6 760 

173 

493 

697 

28 

March 

1 

430 

1 017 

6 578 

163 

437 

627 

54 

2 

200 

1 031 

5 675 

29 

11 

618 

8 

3 I 

420 

1 014 

5 858 

102 

14 

278 

28 


The dog weighed 13 50 kilos Parathyroidectomy was performed at 
10 30 a m , March 1 A slight tremor was observed at 2 30 p m , March 2 
This gradually increased in severity until 10 20 a m , March 3, when the dog 
was exsanguinated In spite of the very marked diminution in the excretion 
of phosphorus on the day of the operation, the elimination of potassium 
remained unchanged until the following day 
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table nr 


Urinary data Dog 212 


DATE 

1912 

WE^HT 

VOLUME 

bp an 

NITROGEN 

PHOS- 

PHATES 

UlNZBAl 
ACID ITT 

June 

13 

14 

15 

16 

17 

18 

18 p m 

kilos 

13 55 

13 50 

13 50 

13 50 

13 60 

CO 

540 

550 

490 

400 

460 

140* 

360 

1 026 

1 022 

1 021 

1 024 

1 026 

1 036 

1 021 

grama 

12 65 

11 38 

9 56 

9 51 

9 40 

4 80 

8 34 

■ 

re xcr ac ii 

440 

624 

595 

619 

561 

127 

317 


• A small quantity of urlno was loat 


The parathyroids were removed at 1130 am, June >17 Symptoms 
appeared on the afternoon of the following day The dog was bled to death 
at 4 p m On the day of the operation the lessened phosphorus excretion 
was paralleled by diminished mineral acidity The latter was increased 
somewhat on the following day, due, presumably, to a retention of potas- 
sium and sodium 


TABLE IV 

Urinary data Dog 21/ f 


DATE 

1012 

\ OLUME 

bp an 

N1TROQEN 

PHOS- 

PHATES 


IBB 

July 

CC 


grams 

mgm P 

mgm 

re TO-reii 

9 

300 

1020 

6 566 

369 



10 

360 

1020 

8 335 

511 



11 

320 

1020 

8 170 

476 



12 

430 

1026 

4 960 

317 



13 



4 960 

317 



14 

550 

1013 

8 880 

531 

256 

435 

15 

430 

1015 

7 163 

454 

241 

365 

16 

350 

1020 

7 152 

425 

210 

333 

17 

300 

1028 

7 290 

435 

471 

96 

18 

400 

1016 

8 145 

317 

162 

359 

19 

350 

1021 

8 046 

348 

249 

390 

20 

230 

1027 

10 000 

481 

273 

453 

21 

560 


8 108 

257 

245 

221 

22 

450 

1016 

8 106 

147 

147 

251 


The dog weighed 12 40 kilos Parathyroidectomy was performed a 
Ham, July 16 There was a slight fall m the excretion of phosphor 
but no other indication of parathyroid insufficiency On July 20, a 
p m , both thyroids were removed The output of phosphorus mune 
decreased Slight twitching was noted at 11 30 p m , July 21 e 
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morning, the twitching was more marked and the dog was killed The very 
marked drop in the mineral acidity on the day of the first operation cannot, 
at present, be satisfactorily explained After the second operation, the 
mineral acidity fell with the excretion of phosphorus 

TABLE V 


Urinary data Dog 215 


DATE 

1912 

NITROGEN 

PHOSPHATES 

CHLORINE 

j POTABSITJM 

SODIUM 

October 

grams 

mgm P 

mgm 

mgm 

mgm 

26 

10 73 

874 

800 

823 

166 

27 

8 39 

717 

533 

629 

105 

28 

12 48 

1035 

924 

1282 

466 

29 

8 89 

744 

382 

694 

140 

30 

12 68 

1166 

1560 

1275 

519 

31 

8 38 

685 

637 

619 

383 

November 

1 

10 36 

560 

1668 

869 

1143 

2 

5 08 

171 

312 

166 

80 

3 

14 63 

832 

1184 

791 

125 

3 pm 

7 17 | 

475 

629 

685 : 

75 


The dog weighed 26 0 kilos Parathyroidectomy was performed m the 
afternoon of October 31« Slight tremor was observed at 6 p m , November 
3 At 8 30 p m , there was severe twitching and, at 9 p m , the dog was 
killed On the day of the operation there was a pronounced fall m the elimi- 
nation of phosphorus The usual amount of potassium was excreted and 
the output of sodium was greater than on any other day 


TABLE Vl 

Urinary data Dog 817 


DATE 

1912 

NITROGEN 

PHOSPHATES 

POTASSIUM 

SODIUM 

November 

grams 

mgm P 

mgm 

mgm 

21 

5 479 

393 

549 

291 

22 

6 340 

494 

599 

268 

23 

6 803 

520 

620 

277 

24 

9 202 

731 

1133 

702 

25 

6 571 

533 

757 

218 

26 

7 352 

242 

320 

53 

27 

6 750 

310 

235 

21 

27 p m 

2 623 

113 

212 

18 


The dog weighed 11 0 kilos The parathyroids were removed on the 
morning of November 25 At 3 p m November 27, the dog was m tetany 
and was exsanguinated In this experiment the excretion of potassium and 
sodium paralleled that of phosphorus 

THE JOURNAL OP BIOLOGICAL CHEMI8TRT VOL XIV NO 4 








37° 


Phosphorus Content of the Blood 


For the estimation of phosphorus a shght modification of the 
Neumann 4 method was used It was found that, if Neumann’s 
directions were followed, precipitation of the phosphomolybdate 
was not always complete If, however, after oxidation was com- 
plete, the acid was diluted and neutrahzed with ammonium hydrox- 
ide, then acidified with nitric acid, heated to about 65°, complete 
precipitation occurred on addition of ordmary acid molybdate 
solution and digestion at 65° for one or two hours The mixture 
was then allowed to stand at room temperature for several hours, 
ordinarily over night, then filtered on a Gooch crucible fitted with 
a piece of hardened filter paper and washed with cold water The 
crucible and the precipitate were placed in the beaker m which 
the precipitation had been made and the precipitate was dissolved 
in a slight excess of standard sodium hydroxide solution (approx- 
imately seventh-normal) From 10 to 30 cc of formalin, 5 prev- 
iously neutrahzed to phenolphthalem with sodium hydroxide, 
were added, then 10 or 25 cc of standard acid and finally standard 
sodium hydroxide solution until the hquid was faintly alkaline to 
phenolphthalem The volume of the alkaline solution required, 
less the volume of the acid used, multiplied by the factor, gave the 
amount of phosphorus in the sample Even with less than 1 
mgm of phosphorus the error is only ±2 per cent 

For the estimation of the different forms of phosphorus in blood 
and serum, several methods were tried Most of these were 
found to be unsuitable At first the blood was received in tared 
flasks contaimng glass beads and thoroughly shaken The flasks 
were weighed and the contents transferred to a bottle containing 
several volumes of 95 per cent alcohol, recently distilled over sodium 
hydroxide After standing a few days, the mixture was filtered 
through a linen bag and the residue extracted with hot alcohol 
m a continuous extraction apparatus It was found that the 
extracts were always deeply colored and that they contained con- 
siderable quantities of material (hematin?) which made subsequent 
separation of the lipoids, either by precipitation with chloroform 
or by extraction with anhydrous ether, difficult and inaccurate 

1 Neumann Zeilschr f physiol Chem , xxxvu, p 115, 1903 

- Bang Biochem Zeilschr , xxxn, p 443, 1911 

* Koch and Woods this Journal, i, p 206, 1906 
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Au attempt was made to dry the blood by mixing it with infus- 
orial earth to firm a thick paste and exposing this to the air, or 
m vacuo, at a moderate temperature (30-35°) A fine, dry powder 
was readily obtained but it was found that extraction with the 
usual solvent, removed only a small portion of the phosphohpms 
known to be present 

For precipitation of the proteins and extraction of the lipoids, 
acetone was found to be most suitable Addition of four volumes 
of acetone to blood or serum precipitates protein and inorganic 
phosphates completely Subsequent treatment of the precipi- 
tate with hot acetone removes the lipoids practically completely 
but does not affect hemoglobin nor dissolve inorganic phosphate 
If the acetone extract be evaporated and the lipoids precipitated 
with chloroform, only traces of phosphorus are found in the fil- 
trate After extraction with acetone, treatment with hot alcohol 
and ether removes, at most, only traces of phosphorus compounds 
from serum and only comparatively small amounts from whole 
blood 

For the determination of water-soluble phosphorus, direct ex- 
traction of the residue from the lipoid extraction with hot water 
and dialysis were tried Both were failures, removal of inorganic 
phosphate being incomplete withm any reasonable period Ex- 
traction with dilute hydrochloric acid was also unsuccessful, for 
the protein swelled to a jelly Direct estimation of the non-col- 
loidal phosphorus of serum was attempted m the filtrate from the 
kaolin precipitate produced by the method of Miehnehs and 
Rona, 7 but it was found that all of the inorgamc phosphate added 
could not be recovered Apparently some had been adsorbed 

The procedures that give the best results m the estimation of 
water-soluble phosphorus are the following 

1 The serum or blood is mixed with rune or nineteen volumes, 
respectively, of a solution containing 1 per cent of acetic acid and 
0 5 per cent of picric acid After a few hours the hquid is filtered 
and the phosphorus in an aliquot portion of the filtrate is estimated 
in the usual manner 

2 The dry residue from the hpoid extraction is ground to a 
powder and treated with a dilute solution of hydrochloric acid (1 


7 Miehaelis and Rona Biochem Zeitschr , vu, p 329, vni, p 356, 1908 
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per cent by volume of the concentrated acid) saturated with pic- 
ric acid Ten or twenty volumes, respectively, of this solution 
are used for each volume of serum or blood under examination 
The mixture is shaken at intervals and allowed to stand over 
night It is then filtered and phosphorus is estimated in an aliquot 
portion of the filtrate 

Concordant values for the phosphorus precipitated from these 
extracts by barium and ammonium hydroxides were not obtained, 
consequently only total phosphorus was estimated 

That these methods are fairly accurate is shown by the figures 
given in tables I—III 

As already stated, separation of the phosphorus compounds of 
the blood into various fractions was not successful m the first 
series of experiments The figures given in table IV were obtained 
by adding together the values obtained for the phosphorus in the 
different fractions In the case of dog 111, however, the total 
phosphorus was estimated directly As can readily be seen, the 
phosphorus content of the blood of the parathyroidectomized 
dogs was greater than m that of the control animals 

In the two following experiments, the blood was mixed with in- 
fusorial earth and dried On subsequent extraction, phospho- 
hpms were not removed by the usual solvents However, de- 
terminations of the total solids, nitrogen and phosphorus were 
made with the results indicated in table V Six months later, 
samples of this dry powder were extracted with the picric-hydro- 
chloric acid mixture and phosphorus estimated in the extract 
The values obtained are given m the table 

The material for the next series of analyses consisted of defib- 
rinated blood from a normal and a parathyroidectomized dog, 
obtained in the course of other experiments Data relating to 
the sex, weight and food of the dogs are lacking In this series 
the acetone extraction method was used but the residues were 
wasted in a vain attempt to remove inorganic phosphate by dialy- 
sis or by means of boihng water However, direct estimations o 
the acid-extractable phosphorus were made, using the acetic aca - 
picric acid mixture already described The figures obtame are 
given in table VI 

The blood from the next pair of dogs was allowed to clot 
serum was centrifuged to remove all the cells and then ana yze 
Unfortunately, scarcity of material and a series of acciden 
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it impossible to determine more than the total nitrogen and phos- 
phorus and the phosphorus extracted by acetone and by subse- 
quent treatment with absolute alcohol and ether The figures 
obtained are presented m table VII 

Because parathyroidectomy was not followed by symptoms of 
parathyroid insufficiency, the next dog, 214, had both thyroids 
removed Tetany then developed and the dog was bled The 
blood, as also that of the control, was oxalated In calculating 
the results of the analyses, which are summarized in table VIII, 
proper allowance has been made for the weight of the ammonium 
oxalate solution used 

In the three following experiments, perfectly clear serum, almost 
free from hemoglobin, was obtained If the serum is at all red, it 
contains enough inorganic phosphate derived from erythrocytes 
to make analysis useless The results obtained are summarized 
m table IX 

As can readily be seen on examining the tables, the total amount 
of phosphorus m the blood and serum of parathyroidectomized 
dogs is regularly greater than m normal dogs This increase is 
not associated with a corresponding increase m the amount of 
total solids or of nitrogen, on the contrary it may be very marked 
m the presence of an equally pronounced diminution of total sol- 
ids and nitrogen The increase seems to be due largely, if not 
entirely, to an increase m that form of phosphorus which, for want 
of a better name, we have called acid-extracted phosphorus A 
part of this fraction is inorganic phosphate, whether or not all 
of it is inorganic, cannot be stated The amount of lipin-phos- 
phorus m the blood and serum of dogs varies considerably and, 
apparently, bears no relation to the presence or absence of the 
parathyroid glands 

Very recently Juschtschenko 8 has published the results of an 
investigation into the nitrogen and phosphorus content of the 
tissues of normal and parathyroidectomized dogs Only his re- 
sults with serum need concern us now He dried the serum, first 
at 30°, then at 65°, and estimated inorganic phosphate by the 
method of Stutzer and Neumann He states that the amount of 
inorganic phosphate of the serum is the same in dogs m tetany 
and in normal dogs He makes no reference whatever to his 


* Juschtschenko Biochem Zeitschr , xl, p 64, 1912 
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earlier paper’ m which he claimed that the blood of dogs and rab- 
bits in tetany after thyroidectomy contained more inorganic phos- 
phate than did the blood of normal animals It is also interesting 
to note that/ m the two instances in which he determined the phos- 
phorus m the residue obtained after extraction of the lipoids tom 
the dried serum, the higher values were obtained m the prepara- 
tions from parathyroidectomized dogs The conclusions drawn 
by JuschtschenLo from his experiments are open to other objec- 
tions His dogs were in tetany for hours and days before they 
were bled so that it is impossible to distinguish the effect of the 
parathyroidectomy from the possible effect of the tetany and inan- 
ition Phosphohpms are apt to decompose when kept at 65° 
for twenty-four hours, as occurred m Juschtschenko’s method of 
drying the serum Apparently he did not attempt to test the 
accuracy of his method, to see if inorganic phosphate added to 
the serum could be recovered 


SUMMARY 

After removal of the parathyroid glands, the total phosphorus 
of the blood and serum of dogs is increased This may be ob- 
served at a time when the tremor is still very slight The increase 
may be as much as 160 mgm of phosphorus per kilo of blood 
The greater part of this increase is m the fraction which is insolu- 
ble m the usual lipoid solvents but is soluble m a mixture of dilute 
hydrochloric or acetic and picric acids 

It is with great pleasure that I acknowledge my indebtedness 
to Dr IV G MacCallum, who was kind enough to remove the 
parathyroids from the animals required 

TABLE i 

Acid~exlractobIe phosphorus in 25 c c of ox-blood 


(Results expressed as cubic centimeters of standard solution required for 
titration of the phosphomolybdate ) 


EXTRACTED WITH DILUTE ACETIC AND 
PICRIC Acfoa 

EXTRACTED WITH HTDROCIIt-OBlC 

ACIDS AFTER EXTRA CTlOH WITH ACETO _ 

CC ! 

CC 

20 45 

20 40 

20 50 

20 50 


20 50 


» Juschtschenko Zeilschr f physiol Chem , lxxv, p 141, 1911 



Isidor Greenwald 


375 


TABLE II 

Recovery, by the picric-acetic acid method, of inorganic phosphate added to 

blood 


(Mg 8 Pz0 7 dissolved in dilute JSNOi, neutralized with NaOH before 
adding to the blood Results expressed as cubic centimeters of standard 
solution required for titration of the phosphomolybdnte ) 


NUMBER 

! BLOOD 

ADDED PHOSPHATE 

BLOOD AND 
PHOSPHATE 

PHOSPHATE 

RECOVERED 


cc 

CC 

cc 

CC 

! i 

i 15 17 

49 85 

64 00 

48 83 

1 | 

1 15 17 




2 / 

20 45 

49 85 

70 50 

50 02 

\| 

20 50 

49 85 

70 70 

50 22 

t 


49 85 

70 10 

49 62 

3 ^ 

26 4 

66 0 

92 2 

65 8 

M 

26 2 

66 0 

92 0 

65 S 


TABLE III 

Recovery, by the picric-hydrochloric acid method, of inorganic phosphate added 

to blood 

(MgjPjOj dissolved in dilute HNOj, neutralized with NaOH before 
adding to blood Results expressed as cubic centimeters of standard 
solution required for titration of the phosphomolybdate ) 


ACETONE-SOLUBLE 

PHOSPHORUS 

ADDED 

PHOSPHATE 

ACID EXTRACTED PHOSPHORUS 

PHOSPHATE 

RECOVERED 

Blood 

Blood and 
phosphate 

Blood 

Blood and 
phosphate 

CC 

cc 

CC 

CC 

cc 

CC 

11 45 

11 60 

49 95 

20 40 

69 60 

49 20 


11 30 

49 85 

20 50 

70 45 

49 95 



49 85 

20 50 

71 33 

| 50 83 


TABLE IV 


Total phosphorus in blood from normal and parathyroideclomized dogs 


NUMBER 

PABATHTROIDECTOMIZED 

NUMBER 

CONTROL 


rwjrn per kilo 


mom perhlo 

105 

477 



107 

521 

108 

425* 

110 

512 

109 

416 

111 

474t 

i 



Parathyroids removed ten days before bleeding no symptoms 
t Chronic latonfc tetany See protocol of experiment below 






376 


Phosphorus Content of the Blood 


Dog 105 Fox-terrier, male, weight 10 70 kilos The parathyroids were 
removed at 10 a m , January 19, 1911 On the following day, slight twitch- 
ing was noticed at 2 p m This was more marked at 3 p m , when the dog 
was exsanguinated 

Dog 107 Mongrel, bitch, weight 9 20 kilos Parathyroidectomy was 
performed at 2 p m , January 31, 1911 Slight twitching was noticed at 2 30 
p m , February 1, and at 3 30 the dog was bled 

Dog 108 Mongrel, male, weight 8 35 kilo Four parathyroids were re 
moved on February 4, 1911 No symptoms appeared and the dog was bled 
at 3 p m , February 14 

Dog 109 BulJ-terrier, bitch, weight 8 30 kilos Exsanguinated at 4 30 
p m , February 11, 1911 

Dog 110 Beagle, bitch, weight 9 60 kilos Parathyroidectomy was 
performed at 3 p m , February 10, 1911 Very slight twitching was noticed 
at 3 30 p m , February 12 This gradually became more marked until, at 
5 30 p m , the dog was exsanguinated 

Dog 111 Bull-terrier, bitch, weight 13 0 kilos Parathyroidectomy was 
performed on March 21, 1911, but no symptoms of parathyroid insufficiency 
appeared within tho following two weeks On April 6, a pup was born pre 
maturely and died the same day Another was born the following morning 
and lived about twenty-four hours On the morning of April 8, aslight 
tremor was noticed This grew more marked and continued several days 
Two pups were found in the cage on tho morning of April 10 They were 
quite well developed but the mother paid little attention to them and they 
died the following morning On this day (April 11), four pups made their 
appearance The mother suckled them but one died on the 16th and an- 
other on the 17th The other two survived and were raised to an age of 
about four months when they were unfortunately lost They seemed to 
be quite normal The mother continued in tremor until April 21, two weeks 
in all In June, attempts were made to induce tetany by feeding large 
quantities of meat and of extract of beef These were not successful 
After a return to the usual diet for three days, the dog was bled at 3 p m 


TABLE V 

Analyses of blood from a parathyroidectomizcd dog (209) and from a normal 

dog (210) 



209 

210 

Total solids 

17 80 per cent 

24 26 per cent 

Total nitrogen 

2 31 per cent 

3 16 per cent 

Total phosphorus 

592 7 mgm per 

430 3 mgm per 

kilo 

kilo 

Phosphorus extracted with di-i 


290 4 mgm per 

lute acid 

387 4 mgm per 

kilo 

kilo 
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Dog 209 Bull-temer, male, weight 13 50 kilos The parathyroids were 
removed at 10 30 a m , March 1, 191 2 A slight tremor was noticed at 2 30 
p m , the following day This became a little more marked during the 
afternoon but was not severe at 2 30 a m , March 3 There was pronounced 
twitching at 10 20 a m and the dog wa3 bled to death 

Dog 210 Bull-terrier, male, weight 13 00 kilos Exsanguinated at 9 a m , 
March 8 

TABLE VI 


Analyses of blood from a parathyroideclomized dog and a normal dog 



PABATHTROIDECTOMIZED | 

NORUAE 

Total nitrogen 

Total phosphorus 

Phosphorus extracted with ace- 
tone 

Phosphorus extracted with al- 
cohol and ether 

Phosphorus extracted with 
picric-acetic acid solution 

3 02 per cent 

482 mgm per kilo 

145 mgm per kilo 

11 7 mgm per kilo 

284 mgm per kilo 

2 97 per cent 

409 mgm per kilo 

135 mgm per kilo 

12 2 mgm per kilo 

239 mgm per kilo 


TABLE VII 


Analyses of serum 



PARATHTROIDECTOMIZED , 
| DOO 212 ^ 

NORMAL. DOQ 213 

Total nitrogen 

9 833 gm per kilo 

9 350 gm per kilo 

Total phosphorus 

Phosphorus extracted with ace- 

209 mgm per kilo 

179 mgm per kilo 

tone 

129 mgm per kilo 

133 mgm per kilo 

Phosphorus extracted with al- 



cohol and ether 

Trace 

Trace 


Dog 212 Bull-terrier, bitch, weight 13 50 kilos The parathyroids were 
removed at 11 30 a m , June 17, 1912 At 4 p m , the following day, the dog 
was in tetany and was exsanguinated 

Dog 213 Mongrel, bitch, weight 11 60 kilos Bled at 4 p m , June 22, 
1912 
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TABLE VIII 

Phosphorus in blood from a Ihyro-paralhyroidcctonmcd dog (214) an d a 

normal dog ( 214 B ) 


j MILLIGRAMS PH08MI0n03 PEtt 
SILO or BLOOD 


214 | 214B 


Total 

1 436 ' 

370 

Extracted with acetone 

! 162 1 

140 

Extracted with alcohol and ether 

' 8 1 

7 

Extracted with picric-hydrochloric acid 


13 

Not accounted for (protein phosphorus?) 


mm 


Dog 314 Mongrel, male, weight 12 40 kilo-> Parathyroidectomy was 
performed July 16, 1912 Tremor did not appear, nor was the excretion of 
phosphorus diminished At 4 30 p m , July 20, both thyroids were removed 
At 11 30 p m , the following day, there was slight, occasional twitching 
This was more evident at 9 a m the next morning and the dog was bled to 
death 

Dog 214B Mongrel, male, weight 13 50 kilos Bled at 9 a m , August 
9, 1912 

TABLE IT 


Phosphorus in serum from paralhyroidectomized and normal dogs 


NUMBER 

PI 

Total 

sospiiorus per kieo of serum 

Acetone 1 Acid 

| extract extract 

Koldun 


mffm 

mgm 

mgm 

mgm 

Parathyroidectomized 



1 


215 


149 

1 62 3 


217 


128 

; 76 7 


219* 

291 

194 

87 7 

| 3 8 

Normal 


; 



216 

! 157 

131 

26 9 


218 

244 

186 

44 4 

2 4 

220 

167 

no 

45 5 



•Complete thyroidectomy 


Dog SIS St Bernard, male, weight 26 0 kilos The parathyroids were 
removed m the afternoon of October 31, 1912 Slight tremor appeared « 
6pm, November 3 At 8 30, twitching was quite pronounced and tne a s 

was bled 
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Dog 216 Mongrel, male, weight 14 0 kilos Bled at 8 p m , November 
16, 1912 

Dog 217 Bull-terrier, male, weight 11 0 kilos Parathyroidectomy was 
performed on the morning of November 25, 1912 Tremor was doubtful 
at 9 a m , November 27 but, at 3 p m , the dog had a severe attack of tetany 
and at 3 45 was exsanguinated 

Dog 218 Mongrel male, weight 9 45 kilos Bled at 4 30 p m , February 
12, 1913 

Dog 219 Mongrel, male, weight 14 7 kilos Four parathyroids were 
removed on December 19, 1912 As no symptoms appeared, the right thy- 
roid was removed on December 22 This was also without apparent effect 
and at 3 p m , December 25, the other thyroid was removed At 8 p m , 
December 29, there was slight, though unmistakable, twitching No 
change was observed at 10 30 p m and the dog was bled A severe attack 
of tetany occurred during the bleeding 

Dog 220 Mongrel, male, w eight 16 0 kilos Bled at 10 30 p m , Janu- 
ary 12, 1913 




RESEARCHES OH PURINES 

ON 2-.METHYLMERCAPTO-6,8-DIOXYPURINE AND 2-METHYLMER- 
C APTO-6- OXY-8-AMINOPURINE 

(TENTH PAPES ) l 

Bt CARL 0 JOHNS and EMIL J BAUMANN 
(From the Sheffield Laboratory of Yale University ) 

(Received for publication, March 21, 1913 ) 

The only method hitherto employed for the preparation of 
alkylmercapto purmes has been to alkylate thiopurines by means 
of alkyl hahdes Thus, Fischer 2 obtained 6-methyImercapto-7- 
methylpurme (I) by the action of methyl iodide on the potassium 
salt of 6-thio-7-methylpurine 

As far as we are aware no alkylmercapto-orthodiammopynmid- 
mes have hitherto been prepared 3 We have succeeded m prepar- 
ing 2-methylmercapto-4,5-diamino-6-oxypyrimidine (V) and have 
used it for the synthesis of purme derivatives The reactions 
leading to the preparation of this diammopyrimidine are as follows 
2-Thio-4-ammo-6-oxypyrimidme (II) 4 * was alkylated m a solution 
of potassium hydroxide at room temperature by means of dimethyl 
sulphate This reaction had previously been carried out with 
methyl iodide but the reaction was not very smooth 6 The yield 
of 2-methylmercapto-4-ammo-6-oxypyrimidine (III) obtained by 
the use of dimethyl sulphate was as high as 90 per cent of the cal- 
culated This mercapto derivative then gave a quantitative yield 
of 2-methylmercapto-4-aimno-5-nitroso-6-oxypyrimidine (VI) when 
acted on by mtrous acid The rutroso compound was reduced 
smoothly to 2-methylmercapto-4,5-diamino-6-oxypyrimidine (V), 

1 Johns this Journal, xiv, p I, 1913 

2 Emil Fischer Ber d deutsch chem Gesellsch , xxxi, p 437,1898 

’Some preliminary experiments on this work were made in 1906 John- 
son, Johns and Heyl Amer Chem Journ , xxxvi, p 172, 1906 

1 W Traube Ann d Chem (Liebig), cccx-vu, p 71, 1904 

s Johnson and Johns Amer Chem Journ , xxxiv, p 181,1905 

38 ’ 
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using ammonium sulphide as the reducing agent The yield was 
90 per cent of theory 

When 2-methylmercapto-4 ) 5-djaminn-6-oxypyrimidine was heat- 
ed with urea it gave 2-methylmercapto-6,8-dioxypurine (IV), 
the yield being 60-70 per cent of the calculated The mercapto 
group in this purme is very firmly bound but on boihng with a 
large excess of 20 per cent hydrochloric acid for twenty hours, 
methylmercaptan was evolved slowly and uric acid (VII) was 
formed 

It is well known that when orthodiammopyrimidines are heated 
with thiourea 8-thiopurines are formed Thus, when 2-thio-4,5- 
diammo-6-oxy pyrimidine (IX) 6 was heated with thiourea 2, 8-th- 
thio-6-oxypurme (XII) 7 resulted The presence of the methyl- 
mercapto group in position 2 instead of the sulphur renders 
2-methylmercapto-4,5-diamino-6-oxypyrimidineless active towards 
thiourea Instead of obtaining the expected 2-methylmercapto-6- 
oxy-8-thiopurme we obtained 2-methylmercapto-6-oxy-8-ammo- 
punne (VIII) It is possible that traces of the 8-thiopunne were 
also formed although we did not detect any of this compound 
The yield of the 8-aminopurine was 60 per cent of the calculated 
This result may be explained by assuming that the thiourea formed 
guanidine thiocyanate which then reacted with the diaminopyr- 
lmidme This view was confirmed by heating the diammopyr- 
lmidine with guanidine thiocyanate which also gave 2-methylmer- 
capto-6-oxy-8-ammopurine The same result was also obtained 
by using ammonium thiocyanate instead of guanidine thiocyanate 
These results are interestmg in view of the fact that the writer 
has attempted to obtain 8-aminopunnes by heating other dinmino- 
pyrimidines with salts of guanidine but without success Even 
when 2-tlno-4,5-diamino-6-oxypyrimidme is heated with guanidine 
thiocyanate it fails to give an 8-aminopurine 

When 2-methylmercapto-6-oxy-8-aminopurme was heated with 
hydrochloric acid the amino group was removed before the methyl- 
mercapto group On prolonged heating uric acid was obtained 
2-Alky lmercapto-6-oxypyrirrudmes (X) 8 react readily with phos- 
phorus halides to form 6-chlor derivatives (XI) We intend to 

*\Y Traube Ann d Chem (Liebig), cccxxxi, p 75, 1904 
1 Johns and Hogan this Journal, xiv, p 299, 1913 
* Wheeler and Johnson Amer Chem Journ , xxix, p 496, 1903 
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investigate the action of phosphorus halides on 2-alkylmercapto- 
6-oxypunnes Other researches on alkylmercapto purmes are 
also m progress 


N=CSCHs 


HC C— N CH S 

\ 


N — C — N 
I 




CH 


HN— CO 

I I 

CHjSC c— nh <- 

II II > 

N— C— NH 
IV 

I 

HN— CO 

I I 

OC C— NH <- 
^>CO 

HN— C— NH 
VII 


HN— CO 

I I 

SC CH > 

i il 

HN— CNH, 

II 

HN— CO 

I I 

CHjSC CNHj < 

II II 

N — CNHj 
V 

1 

HN— CO 

I I 

CHjSC C— NH 

II II > CNa 

N— C— N 
VIII 


HN— CO 

I I 

CHj'-C CH 

II II 

N — ONH 2 

III 

l 

HN— CO 

I I 

CHjSC C— NO 

II II 

N— CNHj 
VI 

HN— CO 

I I 

SC CNHj 

I II 

HN— CNH, 
IX 


HN— CO 

I I 

CHjSC CH 

II II 

N— CH 
X 


N=CC1 

I I 

■> CHjSC CH 

II II 

N — CH 
XI 


HN— CO 

I I 

SC C— NH 


I /^ CS 

HN— C— NH 
XII 
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EXPERIMENTAL PART 

2-Methylmercapto-4-amino-fi-oxy pyrimidine* 

HN— CO 

i ! 

CHjSC ch 

II II 

N — CNIh 

Tins compound was previously prepared by thp action of methyl 
iodide on the sodium salt of 2-thio-4-amino-6-oxypyrimidine We 
find that dimethyl sulphate can be used instead of methyl iodide 
The yield is greater, the reaction requires less time and the cost 
is less The methylation was performed as follows 
Twenty-five grams of pulverized 2-thio-4-umino-6-oxypyrinnd- 
me were dissolved m 100 cc of a 10 per cent solution of potassium 
hydroxide, care being taken to avoid an excess of the alkali Twen- 
ty-five grams of technical dimethyl sulphate were then added in 
small portions, with thorough shaking after each addition In 
some cases it was found necessary to dilute with water as the pre- 
cipitate which resulted became too thick to permit thorough mixing 
to take place After the mixture had stood at room temperature 
for fifteen minutes it gave an acid reaction and the precipitate 
was filtered by suction The mercapto pyrimidine thus obtained 
was removed to a flask while still moist, 200 cc of 95 per cent alco- 
hol were added and the mixture was heated to the boiling point 
of the alcohol This dissolved most of the precipitate The flask 
was then cooled and allowed to stand at room temperature for an 
hour On filtering, 20 to 25 grams of pure 2-methylmercapto-4- 
amino-6-oxypyrimidine were obtained This is 75 to 90 per cent 
of the calculated weight When this was mixed with a pure 
sample of 2-methylmercapto-4-amino-6-oxypyrimidine obtained 
by alkylating with methyl iodide the melting point of the mixture 
was 267°C This is the melting point of the pure substance 

2-Mcthylmercapto-4-amino-5-mtroso-6-oxypyrmidi'M 

HN— CO 

I I 

CHsSC C— NO 

II II 

N — CNHj 


* Johnson and Johns Amer Chem Journ , xxxiv, p 181,1905 
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Twenty grams of 2-methylmercapto-4-amino-6-oxypyrimidine 
were dissolved in 350 cc of water containing 5 1 grams of sodium 
hydroxide A solution of 10 grams of sodium nitrite m 50 cc of 
water was added The mixture was then acidified by the grad- 
ual addition of 17 grams of glacial acetic acid The precipitate 
which formed was white but turned blue m a short time The 
mixture was allowed to remain at room temperature over night 
after which the precipitate was filtered off, washed with cold 
water and used, without drying, for the preparation of 2-methyl- 
mercapto-4,5-diamino-6-oxypyrimidme The yield of the mtroso 
derivative was almost quantitative It was but slightly soluble m 
hot water or alcohol and was not soluble m benzene It formed a 
red solution in alkalies and blue in acids A portion was purified 
for analysis by dissolving it in ammonia and precipitating with 
acetic acid The substance did not melt but began to decompose 
at about 255°C 

Calculated for Found 

C*H.O,N<S I n 

N 30 10 29 75 30 1G 

2-Methylmercapto-ho-diaimno-6-oxypynmidine 
HN— CO 

I I 

CHjSC cnh 

II II 

N — CNH 

Fifty cubic centimeters of a 10 per cent solution of ammonium 
sulphide were placed in a 1-Iiter flask and heated on the steam 
bath The moist 2-methylmercapto-4-amino-5-mtroso-6-oxy- 
pyrimidme obtained in the previous experiment was added grad- 
ually Ammonium sulphide was also added when the solution 
turned red as this indicated that the mtroso compound was present 
in excess When the a mm onium sulphide was present m excess 
the solution was yellow When all of the mtroso compound has 
been reduced the addition of excess of ammonium sulphide should 
be avoided or the diamino compound obtained will be highly col- 
ored Sulphur separated after the reduction had proceeded for 
a few minutes When the reduction was complete the mixture 
was concentrated by boiling m a casserole over a free flame until 
the separation of sulphur ceased The solution was then filtered 
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rapidly to remove the sulphur The filtrate on coohng gave an 
almost colorless, crystalline precipitate A second crop was ob- 
tained by concentrating the mother liquor on the steam bath 
The dmminopyrimidme was dried at 30-40°C Drying at high 
temperatures causes it to become black When the reduction was 
carried out carefully the diamino derivative was almost pure 
It began to shrink at about 198°C and melted with decomposi- 
tion at 211°C It was easily soluble m hot and appreciably solu- 
ble in cold water and moderately soluble in hot alcohol but was 
not soluble in boiling benzene The yield based on the 2-methyl- 
mercupto-4-ammo-6-oxypyninidine used was over 90 per cent of 
the calculated 

Calculated for 
C1H1ON1S Found 

N 32 53 32 13 

2-Mdhylmercapto-6 i 8-diox])pumne 
IiN— GO 

I I 

CHjRC C — NH 

N— C— NH 

Five grams of urea and an equal weight of 2 -methylmercapto- 
4,5-diamino-6-oxypyrimidme were intimately mixed by pulver- 
izing together in a mortar This mixture was heated in an oil 
bath at 165°C for fifteen minutes and then at 170~180°C until a 
hard cake had formed, about one hour in all The reaction pro- 
duct was crushed and dissolved in hot dilute sodium hydroxide and 
the solution was clarified with blood coal The purine was pre- 
cipitated from the hot solution by acidifying with dilute hydro- 
chloric acid The yield was 3 5 grams or 60 per cent of the cal- 
culated weight The purine was obtained in a finely divided, 
granular form One part by weight required a little more than 
100 parts of boiling water to effect solution It was almost in- 
soluble in alcohol, benzene, or glacial acetic acid It did not is- 
solve readily in ammonia but was easily soluble in dilute sodium 
hydroxide It dissolved with effervescence in concentrated m ic 
acid and gave the murexide reaction It did not decompose a 
320°C 
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Calculated for 
CeHiOiNiS Found 

N 28 28 28 17 


Conversion of 2-methylmercapto-6 ,8-dioxypunne to uric acid 

One gram of 2-methylmercapto-6,8-dioxypurme was boiled with 
150 cc of 20 per cent hydrochloric acid under a return condenser 
for twenty hours At first complete solution of the mercapto pur- 
ine took place but after boiling for several hours uric acid began to 
precipitate The reaction mixture was evaporated to dryness and 
the residue was dissolved in dilute sodium hydroxide, the solution 
filtered and acidified with hydrochloric acid whereupon uric acid 
precipitated 

Calculated for Found 

CsH«0,N4 I II 

N 33 33 33 37 33 36 


2-Methylmercapto-€-oxy-8-aminopunne 


HN— CO 

I I 

ch 3 sc c-nh 

\ 


X — t — \ 


/■ 


CM! 


This purine was obtained by heating one part by weight of 
2-methylmercapto^f,5-diamino-6-oxypynmidine with an equal 
weight of either thiourea or ammonium thiocyanate but was best 
prepared as follows 

Five grams of the mercaptodiaminopyrimidine and 5 grams of 
guanidine thiocyanate were pulverized together and the mixture 
was heated at 180°C m an oil bath for two hours During the 
heating the mixture melted partly, foammg ensued and, finally, a 
hard crust was formed The reaction product was treated with 
cold water to remove an excess of guanidine thiocyanate, the resi- 
due was dissolved m dilute sodium hydroxide and the solution 
was clarified with blood coal On acidifying the hot solution with 
acetic acid the purine was obtained as a fine powder The yield 
was 60 per cent of the calculated The substance did not decom- 
pose at 320°C It dissolved in about 300 parts of boiling water 
It was slightlv soluble in hot alcohol or glacial acetic acid and insol- 
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uble in benzene It did not dissolve very readily in ammonia 
It gave a brilliant murexide reaction When boiled with hydro- 
chloric acid the amino group was hydrolyzed off before the mercapto 
group Boiling with 10 per cent sodium hydroxide did not remove 
either the ammo group or mercapto group 

Calculated for Found 

CbHjONiS I II 

N 35 53 35 44 35 67 

When the above mercaptonmmopurine was boiled for twenty 
hours with 20 per cent hydrochloric acid, uric acid was obtained 
Analyses on different samples resulted as follows 

Calculated for Found 

CiI1.0,N» I II 

N 33 33 33 14 33 58 



ON THE EXCRETION OF NITROGEN SUBSEQUENT TO 
LIGATION OF SUCCESSIVE BRANCHES 
OF THE RENAL ARTERIES 

By J D PILCHER 

(From the Pharmacological Laboratory, Western Reserve University Medical 

School ) 

(Received for pubb cation, March 22, 1913 ) 

MacNider 1 has shown that ligation of the posterior branch of 
the renal artery leads to necrosis of practically the posterior third 
of the kidney This is followed by partial regeneration of the 
renal epithelium and glomeruli, reaching its height about the 
twenty-sixth to the thirtieth day, subsequently atrophy of the 
new tissue follows as a result of fibrosis of the stroma Further, 
a collateral circulation develops in the area supplied by the ligated 
branch, first m the medulla, then at the cortex-medullary boundary 
zone and finally the cortex, usually in the form of vascular streaks 
This collateral circulation takes place between the artenolae rectae 
and pseudo-arteriolae rectae of the ligated and unligated vessels 
Normally the pelvis and a portion of the renal papillae receive a 
partial blood supply through vessels entermg the kidney with 
the ureter, there is a further anastomosis between the vessels of 
the capsule of the kidney and the recurrent suprarenal and phrenic 
arteries 

The following description is a report of two observations made 
as an attempt to determine whether there are any changes in the 
total nitrogen excretion incident to the renal changes The effect of 
excision of various segments of the kidney has been studied by sev- 
eral observers, notably, Bradford , 2 Bainbndge and Beddard 3 and 
Pearce 4 All agree that removal of three-fourths of the total 

1 W de B MacNider Journ of Med Res , xxiv, p 425, 1911 

2 J R Bradford Journ of Physiol , xxui, p 415, 189S-9 

1 F A Bainbndge and A P Beddard Proc Roy Soc Ixxix, p 75, 1907 

4 R M Pearce Journ of Exp Med , x, p 632, 1908 
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kidney substance results in death within a few weeks In such 
animals Bradford found an increased output of nitrogen (as 
urea) This observation was not confirmed by other investiga- 
tors, who were, therefore, unable to agree with Bradford's sugges- 
tion that the kidney has an influence on nitrogenous metabolism, 
but attributed the increased nitrogen excretion to inanition only 
The present method, by minimizing complicating operative fac- 
tors, offered a better chance of solving the effect of throwing a 
part of the kidney out of function 
Methods The observations were made on one cat and one dog, 
both full-grown The cat was fed hashed beef and the dog, ordi- 
nary dog biscuit, the nitrogen content of which was determined 
by the Kjeldahl method The animals were kept m the usual 
metabolism cages The urme was examined daily with the cat, 
and two or three times weekly with the dog, but daily, shortly 
before operations The urines were preserved m strong sulphuric 
acid when kept longer than twenty-four hours After determin- 
ing the nitrogen excretion for suitable periods (two weeks with 
the cat, three to five noth the dog) successive branches of the renal 
arteries were ligated undei anesthesia 5 as follows 


Ligations on the cat 


December 29, 1909 First operation ligated branch of left renal artery 
January 12, 1910 Second operation, fourteen days later ligated and 
cut the upper branch of the right renal artery 

January 20, 1910 Third operation, fourteen days later ligated and cut 
the left renal artery, as the remaining branch could not be located Fol- 
lowing this operation the cat temporarily lost greatly in weight and ate 
but a fraction of its usual food, without evident cause (there seemed to be 
no sepsis) Observations were discontinued until the following winter 
February 9, 1911 Fourth operation, twelve months after ligating the 
left renal artery and thirteen months after the first operation, during whic 
period the cat increased in weight from 3300 grams to 3800 grams ligate 
and cut the lower branch of the right renal artery The cat died in twen y^ 
four hours, after severe nausea, vomiting, great prostration and subnorma 
temperature At autopsy no peritonitis was present, the left kidney was 
atrophied (the artery was ligated one year previously), the right i ne 


‘The dog was etherized, the cat received 3 cc per kilogram o ® 
lowing solution per rectum (supplemented by ether) atropine s P 
002 gram, morphine sulphate, 1 0 gram, urethane, 20 0 grams, aq , 
cc 
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was adherent to the abdominal wall, but the capsule was very easily stripped 
from the cortex, it was practically normal m size, with the upper pole some- 
what smaller than the lower (the upper renal branch had been ligated thir- 
teen months previously) 


Ligations on the dog 

April 17, 1910 First operation ligated lower branch of the left renal 
artery Following the operation there was a local infection and consider- 
able prostration Recovery was complete in five or six weeks 

June 24, 1910 Second operation, seventy days later ligated one 
branch of right renal artery, this operation was also followed by consider- 
able prostration, without infection, and observations were discontinued 
December 5, 1910 Third operation, seven months after the first and 
five months after the second ligated upper branch of left kidney Follow- 
ing the operation there was severe prostration similar to the cat, as 
described above, death in forty-eight hours At autopsy there was no 
peritonitis, the right kidney was atrophied but there was one small patent 
arterial branch running to it, the left hidne> was normal in size but the 
lower pole was somewhat smaller than the upper 


Table of ligations and N intake and output (in urine) 


LIGATION OP BRANCHES OF 
RENAL ARTERIES 

TOTAL KIDNEY 
SUBSTANCE 
WITH NORMAL 
BLOOD SUPPLY 1 

| TOTAL N 

Intake 

grams 

Output 
grams j 

Retention 

per cent 

Dog 


4/4 

4 46 

3 77 

15 4 

Left lower branch 

3/4 

l 4 46 

3 75 

15 0 

Entire right artery 

1/4 

4 46 

3 25 

27 1 


Cal 



4/4 

3 15 

3 25 

-3 1 

Left branch 

3/4 

3 18 

3 22 

-1 2 

Right branch 

1/2 

2 96 

2 86 

3 3 

Entire left artery 

1/4 

2 88 

2 79 

3 1 


The nitrogen excretion m the cat The average daily excretion 
was determined during the different periods of observation, each 
of fourteen days’ duration As is shown by the accompanying 
table the excretion remained practically unchanged after the first 
ligation, the daily output exceeding the intake by 0 04 gram 
Subsequent to the second ligation, that is, with one branch of each 
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renal artery ligated, the second excretion -was but 0 10 gram (3 5 
per cent) less than the intake One entire renal artery was then 
ligated, leaving the kidney tissue supplied by but one (of a total 
of four) arterial branch As was stated above, this resulted in 
severe prostration and anorexia, the daily nitrogen output (2 33 
grams) exceeding the intake (1 58 grams) by 0 75 gram, or about 30 
per cent The severe prostration and markedly increased nitro- 
gen excretion corresponds quite closely to the observations of 
others, mentioned above, on removal of three-quarters of the total 
kidney substance However, in this case the animal made a per- 
fect recovery after a few weeks, and it may be that ligation of 
one entire renal artery and one branch on the opposite side did 
not destroy the function of quite three-quarters of the total renal 
substance, or there may have been a development of a collateral 
circulation from the capsule or between the smaller vessels of the 
ligated and unhgated branches, which was sufficient to preserve 
complete loss of function of the area nourished by the ligated 
branch With the establishment of the collateral circulation 
there may have been regeneration of renal tissue in case of atrophv 
immediately subsequent to the ligation During a penod of 
twelve days, one year later, the cat was practically m nitrogen 
equilibrium, the daily intake exceeding the output by but 0 09 
gram Inasmuch as death ensued so promptly (in about twenty- 
four hours) on ligation of the last remaining arterial branch it 
follows that, in this case, occlusion of one branch of the renal ar- 
tery does not result in sufficient collateral circulation from the cap- 
sule to preserve the function of the ligated area, so that, after 
one year, it is unable to preserve life, even for a short tune, if the 
renal artery is then ligated 

The nitrogen excretion in the dog The nitrogen intake remained 
constant throughout the periods of observation (4 46 grams daily) 
There was a deep-seated infection following the first and consid- 
erable prostration after the second ligation 5 so that observations 
were not made until the dog returned to its normal condition 
One month after the first ligation the dog was in normal con i- 
tion and during a period of thirty-five days, excreted the same 
daily quantity of nitrogen (3 75 grams)as before operation Dur- 

* At this penod probably one entire artery and one branch of the oppo- 
site artery had been ligated 
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ing this period there was a 3 5 per cent gain in weight as against 
a pre-operative gam of 1 7 per cent The next observations were 
made durmg a period of thirty-seven days, four months after the 
second operation, at a time when one kidney had practically 
atrophied and one branch of the opposite side had been ligated 
for about seven months, the average daily mtrogen excretion fell 
13 per cent below the normal excretion During this period (37 
days) the dog lost about 3 5 per cent m weight With consider- 
ably less than one-half of the normal kidney substance function- 
ating the dog was apparently m perfect condition and able to 
excrete approximately (13 per cent less) the normal quantity of 
nitrogen, perhaps there was some deficiency m nitrogen excre- 
tion since there was a retention with a loss in weight 

Inasmuch as the dog died within forty-eight hours after liga- 
tion of the last renal arterial branch, and without sepsis, it can 
be deduced that, durmg the seven months’ interval between the 
ligation of the two branches, as m the cat, there was not formation 
of sufficient collateral circulation from the capsule to preserve the 
function of the ligated areas 

The profound prostration following the second hgation was un- 
doubtedly due to removing the function of the entire kidney for 
this kidney was atrophied at autopsy, so that practically but one- 
fourth of the entire kidney substance was functionatmg at this 
time (as one branch of the opposite side had previously been 
hgated) This prostration was probably accompanied by a 
marked temporary mtrogen excretion, as was noted in the cat 
under similar conditions and observed by others when three- 
fourths of the kidney substance was removed at one time 

The daily nitrogen excretion m the cat immediately following the 
ligation Subsequent to the first two ligations the output was 
either normal (after the first) or somewhat below normal for a 
day or two, then for a period of four or five days the output was 
increased to 13 per cent (first operation) and 11 per cent (second 
operation) above the intake, in each case durmg the eight days 
until the next operation the output fell shghtly below the intake 
Following the third hgation (one entire artery) the excretion was 
increasingly greater than the intake during the observation period 
of fourteen days, when the animal lost weight and the nitrogen 
intake was below normal 



394 Nitrogen Excretion after Renal Ligation 

Studying the influence of ether anesthesia upon the excretion of 
nitrogen m dogs, Hawk 7 reports an increased nitrogen output fol- 
lowing the anesthesia which may persist for several days As the 
results in the cat agree with Hawk’s observations on dogs, the 
temporary increased nitrogen excretion following the ligation may 
be attributed to the anesthetic in part at least 

The quantity of urine With the greater part of the kidney sub- 
stance removed, Bradford’s dogs excreted permanently a volume 
of urine much above the normal, and of low specific gravity 
Bainbridge and Beddard were unable to confirm his results but re- 
port the usual quantity and specific gravity of urine The results 
in this series agree with those of the latter observers The dog 
excreted practically the same volume of urine throughout, from 
100-150 cc daily, no observations on the total volume of the cat’s 
urine were made until after the second operation when the quan- 
tity remained constant (75 cc ) until the final operation (75 cc 
is not an abnormally large quantity of urine for a cat of 3300 
grams) At times immediately following operation the water in- 
take and output were increased in quantity 

Just before the final operation the urine of both animals was 
free from albumen and casts of any kind 

Partial nephrectomy m dogs has been reported to be followed 
by considerable rise in blood pressure, 8 it would seem that such 
increased pressure probably would be associated with cardiac hy- 
pertrophy In this work no blood pressure observations were 
attempted, however, it might be inferred that such marked loss 
of kidney substance would result m increased blood pressure and 
cardiac hypertrophy Such hypertrophy did not occur m the 
cat Joseph 3 gives the ratio of the heart weight with the body 
weight in 26 cats as 0 45 per cent, m this laboratory a similar 
average in 20 cats gave 0 40 per cent The ratio m the cat under 
discussion was 0 44 per cent The dog reported had a fairly large 
goitre so that similar observations have little value (However, 
the ratio was markedly increased — 1 44 per cent as compared with 
0 743 per cent reported by Joseph ) 


i P B Hawk this Journal, iv, p 321, 190S 
« T C Janeway Soc of Exp Biol and Med , vi, p 109, 1908 
« D R Joseph Journ of Exp Med , \, p 521, 190S 
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CONCLUSIONS 

Ligation of one of the branches of both renal arteries, i e , 
approximate!} half of the blood supply, does not cause any notice- 
able disturbance m renal function The urine and the mtrogen 
excretion remain practically normal, with a slight tendency to 
nitrogen retention, which is probably not accidental 

Successive complete ligation of one renal artery and one branch 
of the other (i e , shutting off three-fourths of the arterial supply) 
results in marked temporary prostration, anorexia, and loss of 
weight, with nitrogen output much greater than the intake The 
ammals recover gradually to a condition similar to that when but 
one-half of the arterial supply was ligated On the assumption 
(justified by MacNider’s histological data) that the hgated areas 
took no part m urine formation, the remaining one-fourth of the 
kidney was able to secrete the urine almost as effectively as the 
entire kidney area 

Occlusion of one branch of the renal artery does not result in 
sufficient collateral circulation from the capsule to preserve the 
function of the ligated area, so that even after twelve months it 
is unable to preserve life if the renal artery is then ligated 

With but one-fourth of the kidney substance functioning the 
quantity of urine was practically normal, the urine contained no 
albumen or casts, cardiac hypertrophy did not occur 

I take pleasure in acknowledging my mdebtedness to Professor 
Solknann for his aid during this work 



4° 2 Fetal Thyroid Glands 

The total average weight of the normal fetal glands is 9 6 grams 
with a maximum of 19 8 grams and a minimum of 1 7 grams 
The large glands show an average of 40 0 grams, maximum of 
194 0 grams and a minimum of 20 2 grams, while the average 
weight of the adult thyroids is only 36 2 gr ams 
Before discussing the tabulated results the following data and 
observations m regard to age, size, weight and sex of the various 
fetuses and adult ammals should be given 
The fetuses, when collected for analysis, were taken at random 
from the supply at hand at different times In some lots younger 
fetuses predominate while in others nearly mature fetuses are in 
the majority It was, however, decided to analyze the lots as 
they came along without any further distinctions than those 
already described 

As stated above, the range of ages of the fetuses is from six to 
nine months and this naturally exerts a proportional influence on 
the size of the fetuses The several breeds of cattle also differ 
materially The weights of all the individual fetuses were not 
recorded when the thyroid glands were removed, this was due to 
lack of facilities, but it was noticed that fetuses possessing enlarged 
glands, although otherwise apparently well proportioned, inva- 
riably were smaller than the fetuses with normal glands This 
feature was very striking The fetuses used in this investigation 
weighed from 20 to 100 pounds 
The possible influence of castration upon the iodine content of 
the thyroid glands is, of course, eliminated as far as fetuses are 
concerned, whereas a large percentage of the adult ammals used 
for comparison have been subjected to this operation 
By comparing the figures in the tabulation it will be seen that 
the amounts of iodine m the normal fetal glands, in spite of their 
fewer numbers and considerable unevenness in size and age, are 
much more uniform throughout the entire year than those of the 
thyroids from full-grown animals and it seems apparent that the 
seasonal change in iodine content, which is so evident m t e 
healthy glands from mature animals, 5 is not pronounced in t e 

normal fetal thyroid , 

Normal fetal glands are relatively larger and contain more io 
and phosphorus per unit of body weight than thyroids from u y 

6 Seidell and Fenger this Journal, mu, p 517, 1913 
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mature animals As would be expected the male glands are some- 
what larger than the female thyroids, the average weight being 
9 9 grams for the male and 9 3 grams for the female, but it should 
also be noted that the smaller female glands contam a higher 
percentage of iodine than the male glands As proportions and 
sizes of these glands correspond fairly well with the differences m 
body weight of the two sexes, the suggestion presents itself that 
the female metabolism requires more thyroid activity according to 
body weight than the male during the fetal stage as well as m 
the animal after birth 

A most striking feature of the tabulated results is the high 
percentage of abnormally large fetal glands This enlargement 
affecting both lobes and the isthmus is quite pronounced at the 
third or fourth month of intra-uterine life, increasing proportion- 
ately with the growth of the fetus It is, therefore, very evident 
that a large percentage of these animals pass through the fetal 
stage of life with exceptionally large glands low in iodine content 

It is generally understood that a certain number of goitrous 
glands prevail throughout the year m fully mature cattle, but 
observations indicate that climatic conditions, at least m the 
United States, exert a decided influence on the growth and that 
the enlargement affects a considerably higher number of adult 
animals during the winter and spring, than in summer and fall 
The goitrous glands from full-grown cattle, which have come under 
observation during the last eighteen months, ranged m weight from 
150 to 400 grams with average iodine and phosphorus contents 
of 0 016 per cent and 0 85 per cent respectively These glands 
were all obtained m the winter and spring months and although 
beef thyroids in numbers of from 25 to 100 were collected twice 
a week during all this period of eighteen months, no goitrous 
glands were encountered in the summer and fall seasons The 
percentage of goitrous glands m grown animals even during the 
cold season does not begin to compare with the proportion of 
enlarged glands found in the fetuses 

It should be stated here that the possibility is not entirely 
eliminated that the pregnant animals whose fetuses show enlarged 
glands all come from goitrous regions of the country, but if that 
holds true we naturally should expect to find a similar high per- 
centage of goitrous glands m the general run of adult animals, and 
this is certainly not the case 



4°4 Fetal Thyroid Glands 

It has not been definitely determined or verified whether the 
enlargement of the thyroid gland, which affects so many of the 
fetuses, disappears rapidly after birth or persists for some time 
m the young animals At present, however, observations indicate 
that, next to the fetuses, large glands are most frequently met 
with m sucklings and that there is a gradual decrease in the per- 
centage of affected glands as the animals mature 

The fact that so many fetal glands are disproportionately en- 
larged, while the adult glands remam undisturbed, makes it very 
difficult to explain the fetal enlargement simply as a goitrous 
infection resulting from the ingestion of toxic food or water by 
the pregnant animal At the same time the general appearance 
of these large fetal glands and their low iodine and high phos- 
phorus contents coincide so closely with the corresponding features 
of goitrous glands from mature animals that the resemblance is 
very striking This discrepancy may be explained by concluding 
that the demand for iodine in the rapid fetal metabolism and 
growth, in certain instances, may exceed the available supply fur- 
nished by the pregnant animal This supply may be sufficient for 
the maintenance of the maternal metabolism leaving the adult 
thyroid normal, but not sufficient to prevent iodine starvation and 
enlargement of the fetal gland 

Another factor of considerable importance, shown by the tabu- 
lated data, is the relative proportion of iodine to that of phos- 
phorus in the various glands In spite of the size the enlarged 
glands contain less totals iodine and much more total phosphorus 
than the normal thyroids This peculiar condition holds true in 
case of fetal as well as adult glands, and is not specific to beef 
thyroids only, as it has been identified, for instance, in all goitrous 
hog and sheep thyroids which have so far come under observation 
Since accumulation of organic phosphates does not occur m normal 
glands of average iodine content, the idea readily suggests itsel 
that iodine in thyroid combination may be a factor of vital impor- 
tance in the phosphorus metabolism of the body 

It may be mentioned that the work of collecting this raw mate- 
rial is time-consuming and often connected with considerable 
cutties, as the fetuses are not plentiful the year round an are 
almost unobtainable at certain seasons It is furthermore 
ble to obtain systematic information concerning the sources a 
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localities from which the various animals are derived, thus further 
masking the evidence and making it more difficult to collate the 
real facts into a conclusive whole 

SUMMARY 

It has been demonstrated conclusively that functional thera- 
peutic activity and presence of iodine coincide m the fetal thyroid 
during mtra-uterine life in analogy with the conditions existing 
during extra-uterine life 

The iodine content of the normal-sized fetal thyroid glands 
during the last three months of mtra-uterine life seems to be 
fairly uniform throughout the various seasons 

Normal fetal glands are relatively larger and contain more iodine 
and phosphorus per unit of body weight than thyroids from fully 
mature animals 

The normal female fetal thyroid glands show a higher content 
of iodine and seem, therefore, to possess greater functional activity 
than the male fetal glands 

Fetuses possessing enlarged thyroid glands on the whole were 
considerably smaller than average fetuses of the same age with 
normal thyroids 

The enlargement of fetal thyroids exceeds, both m frequency 
and size, the number of goitrous-affected glands of fully mature 
animals and is apparently the consequence of insufficient supply 
or faulty assimilation of iodine on the part of the pregnant ammal 

Enlarged glands in general, both fetal and adult, contain less 
total iodine and much more total phosphorus than normal thyroids 
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It has long been the opinion of the physiological chemist that 
the higher animal organism was dependent upon the amino-acids 
for the maintenance of protein anabolism That plants of all 
orders, from the lowest to the highest, are able to synthesize pro- 
tein from the salts of ammonium is, of course, fully established 
For the annual organism, however, the prevailing opinion seemed 
conclusively estabhshed to the effect that the building-stones of 
protem could not be synthesized from ammonia and fatty acids 
Formulated in chemical terms, the animal organism was not held 
to possess the power of effecting the replacement of one hydrogen 
attached to the a-carbon of a fatty acid by an NH 2 radical to 
form an a-amino-acid 

Ammonium introduced into the body from without, formed 
within the tissues through reactions of metabolism, or formed 
within the intestmal tract by the action of bacteria, was held to 
be converted mto urea or eliminated as such It was not held 
to be converted into amino-acids 

Recently pubhshed experiments by Knoop , 1 * Embden” and their 
confreres have brought evidence to the effect that the animal body 
does possess the power of converting aliphatic and aromatic a- 
ketomc acids mto ammo-acids This has led Grafe and Schlapfer 3 

1 Knoop Zeitschr f physiol Chem , lxvn, p 489, 1910 

1 Embden Biochem Zeitschr , xx ix, p 423, 1910 

» Grafe and Schlapfer fiber Stiehstoffretention und Stichstoffgleich- 
gewicht bei Fattening von Ammomaksalzen , Zeitschr f physiol Chem , 
lxxvu, p 1, 1912 
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and Abderhalden 4 to study the effect of ammonia on the protein 
metabolism of dogs Grafe and Schlapfer came to the conclusion 
that dogs on a high carbohydrate diet, with low protein intake, 
were able to retain very considerable quantities of the N of ammo- 
nia (NII-iCl) With larger quantities of ammonium citrate, they 
were able to maintain nitrogenous equilibrium for a penod of 
fifteen days They did not notice any elimination of retained 
nitrogen during the after periods Grafe and Schlapfer, therefore, 
reached the conclusion that the animal has the power of synthe- 
sizing protein from carbohydrate and ammoni um Abderhalden’s 
method was similar to Grafe’s His first dog received, during the 
fore-period of eight days, 40 grams of fat, 40 grams of sugar, 40 
grams of starch and 5 grams of bone ash, per day The nitrogen 
balance for that period, as was to be expected, was strongly nega- 
tive ( — 1 83 to —2 95 per day) During the following three days, 
ammonium carbonate was added to the diet, and the nitrogen 
balance was —0 23, —0 08, —0 09 gram per day During the 
after period, the nitrogen elimination was not any higher than 
during the fore-period Experiments with ammonium acetate did 
not show such marked retention, but showed a very considerable 
retention Abderhalden hesitatingly reached the conclusion that 
“the addition of ammonium salts as the only source of nitrogen 
to a diet consisting of carbohydrates and fats, exercises a distinct 
influence on the protein metabolism, by causing nitrogen reten- 
tion ” The relationship of this retention to the protein anabo- 
lism, he left an open question, suggesting, however, the probability 


that a reversible reaction had set m 
In later work on the subject, 5 Abderhalden tends to incline 
more to the retention hypothesis, denying the possibility of the 
synthesis of protein from ammonia and carbohydrates H e 
writes “It is no doubt possible in some cases to reduce the nitro- 
gen elimination by ammonium salts We have not observed any 


4 E Abderhalden Futterungsversuche mit vollstandig bis zu .Ajnino- 
sauren abgobautem Eiweis3 und mit Ainmonsalzen , Zeitschr / physic 
Chem , lxxvni, p 1,1912 „r, her die 

*E Abderhalden and Paul Hirsch Fortgesezte Untersuchungen uoera 

synthetischen Fuhigkeiten der tienschen Zelle Versuche uber 
wertung verschiedener Stickstoffquellen lm Organismus dea 
Zcilschr f physiol Chem , lxxxn, p 1, 1912 
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prolonged positive nitrogen balance Only m a few cases was it 
temporarily positive It was, however, more negative in the after 
period We are inclined to assume that the estabhshed nitrogen 
does not stand in any direct relation to the synthesis of protein 
We have no reason for the assumption that the animal organism 
has the power of producing the different complexes for the vari- 
ously built amino-acids from carbohydrates, and that the admin- 
istered ammonia is used for their aminization Such an assump- 
tion stands in contradiction to all the present conceptions of 
protein metabolism ” 

On examining Abderhalden’s figures, one fails to notice any 
marked “Ausschwemmung” of the retained mtrogen in the after 
periods 

The experiments reported below were performed with the object 
of throwing light on several questions which presented themselves 
to us on reviewing the subject 

1 Does the ammonia combine luith some rest of the carbohydrate 
molecule m its retention, is the carbohydrate really necessary for the 
demonstration of the utilization of ammonia in the protein metabolism, 
and does the carbohydrate give nse to the non-mlrogenous fraction of 
the various amino-acids? 

Grafe maintains throughout his studies that large quantities of 
carbohydrates are necessary to get a satisfactory demonstration 
of the utilization of ammoma, and Abderhalden has accordingly 
kept his animals on a high caloric intake The results of Grafe’s 
and Abderhalden’s experiments are very similar The differences 
are only in the degree of retention Grafe maintains that the 
differences in their results are to be sought in the difference of 
the carbohydrate supply, and that the quantity of the carbo- 
hydrate fed is the determimng factor 

It seems to us that the understandmg of the state of retention 
of the nitrogen involves this question directly Is the carbohy- 
drate a very important factor 7 Does the circulation of an excess 
of carbohydrate molecules in the blood bring about the synthesis 
with the ammonia to amino-acids, which either build up or 
spare body protein, or does the carbohydrate play a secondary 
role, and the ammonia the primary role 7 

We have attempted to solve this problem by feeding ammonium 
carbonate to starving dogs If the carbohydrate is of importance, 
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and if the ammonia in its retention is tied up with the carbohydrate 
molecule, the results should be negative That is, none of the 
ammonia nitrogen should be retained On the other hand, if on 
giving ammonium carbonate, a retention of the nitrogen should 
occur, Grafe’s “carbohydrate” theory can safely be eliminated 
Dog 1 was permitted to fast for three days prior to the com- 
mencement of the experiment Water was given ad libitum The 
ammal was kept in a metabolism cage, and the urine collected 
quantitatively The periods of twelve hours were separated by 
cathetenzmg and washing the bladder with distilled water The 
nitrogen was determined according to Kj eldahl, the ammonia accord- 
ing to Fohn The ammonium carbonate was prepared by Baker, 
and has the following composition (NH t ) 2 C0 3 NHjCCh-NHj 


EXPERIMENT I 
Twelve-hour periods 


rznioD 



NH|N 

NtTBOOPN 

BALANCE 

REMARKS 

mm 

8 32 

1 01 

0 058 

-1 01 


WSm 


0 88 

0 065 

-0 88 


II 


0 89 

0 052 

-0 89 

f 1 gram of N in the form 

IV 

8 05 

1 28 

0 076 

-0 28 

< of ammonium carbonate 
[ given per os 

V 


0 87 

0 054 

-0 87 



This experiment shows very clearly that a good part of the 
nitrogen (more than half a gram) was retained, and was not elimi- 
nated in the after period 

To avoid the criticism of too short periods, the periods of the 
next experiments were extended to twenty-four hours 


EXPERIMENT II 
Twenty-four-hour periods 
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mm 

| 

3 26 

0 24 

-3 26 
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4 14 

0 236 

-2 14 

i of ammonium carbonate 
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EH 

3 22 
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-3 22 
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The results of this experiment corroborate the findings of the 
first Both agree in showing that a considerable part of the nitro- 
gen of the ammonia is retained, and that it is not eliminated m 
the after period 

EXPERIMENT 1IT 


Twenty-four-hour periods 


PERIOD 

WEIGHT 

TOTAL 

NITROGEN 

NITROGEN 
B GLANCE 

REMARKS 

I 


2 43 

-2 43 

Eighth fasting day 

- II 


2 32 

-2 32 


III 


2 39 

-2 39 


IV 


2 21 

-2 21 


V 

8 95 

2 13 

-2 13 


VI 

8 85 

1 96 

-1 96 


VII 

8 79 

2 00 

-2 00 


VIII 

8 69 

2 45 j 

-2 45 


IX 

8 74 

2 16 

-2 16 


X 

8 66 

3 12 

-0 82 

73 grams of meat = 23 grams of N 

XI 

8 58 

1 90 

-1 90 


XII 

8 48 

1 75 

-1 75 


XIII 

8 44 

2 13 

+0 17 

2 3 grams of N in the form of meat 

XIV 

8 36 

1 81 

-1 81 


XV 

8 20 

1 62 

-1 62 
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2 74 

-0 44 

(2 3 grams of N in the form of am- 





\ momum carbonate per os 

XVII 


1 83 

-1 83 


XVIII 

7 80 

1 72 

-1 72 







f 2 3 grams of N m form of ammo- 

XIX 


3 40 

-1 10 


| mum carbonate given subcutane- 
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XX 


2 91 

-2 91 


XXI 


2 37 

-2 37 


XXII 

7 48 

3 97 

-1 67 

{ 

f 2 3 grams of N m the form of urea 





1 

1 given per os 

XXIII 

7 32 

2 00 , 

-2 00 


XXIV 


1 76 1 

-1 76 


XXV 

6 98 

4 02 1 

-1 72 

2 3 grams of N in the form of tirea 

XXVI 

6 95 

2 16 j 

-2 16 



This experiment, in addition to the fact that it corroborates the 
first two, also shows that the nitrogen of ammonia may affect the 
mtrogen balance almost to the same extent as does the feeding of 
meat Ammonia administered subcutaneously is eliminated quan- 
titatively Urea administered per os is eliminated quantitatively 
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The outcome of these experiments proves very conclusively that 
the nitrogen of ammonia can be retained in the system even in 
the absence of carbohydrates, and Grafe’s theory can therefore be 
discarded The ammonia is undoubtedly utilized m some other 
way That it is not retained as an end product, urea, we believe 
to be demonstrated by the fact that a corresponding dose of urea 
is completely eliminated within twenty-four hours 
The second question that presented itself was Will ammonia 
nitrogen be retained m the case of glucosuna, where the utilization of 
carbohydrates is almost completely lost? 

Two experiments were performed.on completely phlorhizunzed 
dogs The results are as follows 


EXPERIMENT IV 
Twelve-hour periods 


PERIOD | 

TOTAL 

NITROOEN 
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[ NH, N 

1 
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1 

6 65 

25 93 

3 89 

0 35 

i 

II 

6 66 

25 88 

3 87 

0 46 


III 

7 40 

25 35 

3 42 

0 32 

3 grams of N as ammonia 

IV 

6 21 






These two experiments show that a diabetic animal has the 
power of retaining ammonia nitrogen to a much larger extent than 
does the starving animal 

How can we explain these peculiar retentions of nitrogen 7 Can 
we bring them into harmony with known facts, or must we see 
some other interpretation 7 

Abderhalden’s latest assumption, that the nitrogen is retame 
temporarily, is not borne out by his own figures The fact t ia 
there happened to be an increase in the nitrogen elimination on a 
starvation day immediately following the ammonia feeding, is no 
sufficient to prove the point It merely illustrates the necessi 
of carefully separating the urine at the end of each twen y- o 
hours, which both Abderhalden and Grafe seemed to cons 
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unnecessary, and which makes the interpretation of their results 
considerably more difficult Grafe’s theory that the carbohy- 
drates pass into union with the mtrogen of the ammonia is here 
proven to be erroneous The most prohable answer to the above 
questions, and the one most strongly in harmony with well-known 
physiological and chemical facts, is the following the amm onia, 
because of its high concentration m the tissues, most probably m 
the intestmal wall and liver, reverses the process of deaminization 
By catabolism of protein in the cells, we understand a cleavage 
of protein into the constituent amino-acids that make up the pro- 
tein molecule These amino-acids are believed to be deamimzed, 
the amino radical going into urea, and the non-nitrogenous frac- 
tion either broken down and burnt directly or utilized m the 
synthesis of glucose, glycogen and fat It is at the point of this 
deaminization that we believe the ammonia to exert its influence 
It is now well established that the non-nitrogenous part of the 
deamimzed amino-acids are either a-hydroxy or a-ketomc acids, 
both of which when administered into the body or perfused through 
the liver have the power of combining with the ammo radical 
We have attempted to test this theory m the following way 
Grafe, Abderhalden and the writers, in the experiments reported 
above, administered all the ammonium carbonate m a rather con- 
centrated form This causes the ammonia to be absorbed rapidly, 
and to exert a high mass action It was thought that, by giving 
the ammonia in very high dilution and in small quantities at a 
time, the mass action might be eliminated 
The subject of this experiment was a man of about 70 kilos 
body weight, in medium flesh The diet consisted of 200 grams 
of starch, 200 grams of cane sugar, 5 grams of table salt and 3000 
cc of water The starch was the best of several preparations, the 
one used contained only 0 065 gram of mtrogen m the day’s ration 
The diet could fairly be termed nitrogen-free It contained 1600 
calories, not enough to place the individual in caloric equilibrium, 
but enough to spare body protein effectively The water was con- 
sumed with the food, three times daily The subject was placed 
on this diet for a fore-period of five days The urine and feces 
were collected only during the last three days of the fore-period 
The urme was analyzed for total mtrogen by the method of 
Kjeldahl, ammonia and creatinine by the methods of Folin, urea 
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by the latest method of Benedict, and the purine bodies by succes- 
sive precipitation with silver nitrate and copper bisulphate, the 
final precipitates being analyzed for their nitrogen content by the 
method of Kjeldahl The feces were dried in the usual way 

On the sixth day ammonium carbonate was administered in 
three doses with the food m dilute solution, the salt being dissolved 
in the water taken with the meal (750 cc ) The ingestion for the 
day was 11 37 grams, containing (by analysis) 2 8 grains of nitro- 
gen On the following day, 11 6 grams of ammonium carbonate 
were ingested m a similar manner, containing 2 86 grams of nitro- 
gen The two following days constituted the after period, the 
diet being maintained 

Such doses of ammonium carbonate are very irritating to the 
intestinal tract Diarrhea set m, so that a marking of the stools 
became impossible The feces of the entire period were collected, 
therefore, and analyzed as one This introduced an error, or at 
least an opportumty for error, since the degree of resorption of 
ammonium carbonate could not be definitely fixed As will be 
later detailed, no error of consequence was committed, as the 
nitrogen content of the feces was not abnormally high We had 
hoped to extend the after period, since we wished this period to 
be so long as to absolutely exclude any later elimination of retained 
nitrogen However, when the low figure for the nitrogen output 
for that day became known, the experiment was discontinued, 
largely on account of the intestinal distress, which made it advisa- 
ble to seek another diet Other symptoms of the action of ammo- 
nium than those described were not noted, m particular, such 
high doses had no effect upon the circulation 

The following table contains the analytical data of the experi- 
ment All values are expressed m grains 


EXPERIMENT VI 
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4 

5 

6 

7 

8 

9 

Urinary N 
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isjzl 

5 34 
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0 67 

0 055 

1 5 

3 75 

0 76 

4 51 

1 81 

0 41 

0 66 

0 040 
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The average fecal nitrogen, 0 76 per day, cannot be considered 
in any way above the normal Obviously, the a mm onium car- 
bonate was fully resorbed And the diarrhea made apparently 
no difference in this resorption If there was any effect, there 
was possibly an mcrease m the secretory nitrogen eliminated, 
though, as stated, 0 76 gram of nitrogen per day cannot be con- 
sidered high, it is within the usual hmits for normal figures 

Strikingly constant are the figures for creatimne and purine and, 
with the exception of one day, of ammonia also There is a short 
rise in the purine on one day, the second day of the test, leading 
possibly to the inference of increased nuclear catabolism in the 
liver, as the result of, or associated with, the presence of the ex- 
cess of a mm onium carbonate in the liver 

From an inspection of the figures for the total urinary nitrogen 
and urea, it is clear that there was a rise, associated with the 
mgestion of the ammonium carbonate, but which was not at all 
commensurate with the input The greatest part of the admin- 
istered ammonia was retained m the system, and was not eliminated 
m the after period This shows that the ammonia is retained 
even when given in dilute form It does not, however, vitiate 
the theory of the reversible action of ammonia on deaminization 
For dilute as the ammonia was when administered, we have no 
means of telling at what rate and in what concentration it was 
absorbed We hope to test this again by dividing the ammonia 
into very small doses, administered at very short intervals during 
the day 

The curve yields a graphic reproduction of the data The heavy 
continuous hne represents the actual figures for urinary nitrogen 
The dotted curve for the two days indicates approximately what 
would have been the curve of elimination had no ammonium 
carbonate been administered The dashed hne indicates what 
would have been the curve of elimination had all the nitrogen of 
the ingested ammoma been eliminated It is clear that the larger 
fraction of the nitrogen has been retained 
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SUMMARY 

Three experiments were performed on starving dogs, and the 
nitrogen output studied Ammonium carbonate was given per os, 
and it was found that a considerable part of the nitrogen was 
retamed and failed to be eliminated m the after period When 
given subcutaneously, it was promptly eliminated 

The administration of urea was followed by a complete elimi- 
nation of all the nitrogen 

Ammonia administered to diabetic dogs was also retained, but 
to a larger extent than m normal dogs 
Ammonia given to man on a protem-free diet (0 065 gram per 
day) was retained to the extent of about two-thirds 
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These experiments corroborate the findings of Grafe and Abder- 
halden, and also show that the presence of carbohydrates is not 
an obligatory factor m the retention of nitrogen from ammonia 
It is suggested that the ammonia nitrogen is retamed because 
of a reversed reaction that leads to combination with the a-ketomc 
or a-hydroxy-acids to form amino-acids which may be used m 
the upbuilding or sparing of body protem This may be illustrated 
in the simple reaction for the deaminization of alanine 

CHj CHj 

I _ I 

CHNH 2 + H 2 0 , CHOH + NH, 

I 1 

COOH COOH 

Like every reaction, this reaction must be reversible under appro- 
priate conditions What the station of equilibrium m the ammal 
body may be, we have no way of knowing But according to 
the interpretation of the retention that we are inclined to accept, 
with the administration of large amounts of ammonia this reaction 
is reversed, probably in the liver Whether such a situation as 
this might arise outside of the experiment, normally or pathologi- 
cally — the formation of such amounts of ammonia as to reverse 
the reaction — is problematical It is possible that such concen- 
tration of ammonia within the portal system could never occur 
naturally, in health or disease In that event, this experiment 
would simply demonstrate the possibility of reversion of reaction 
m the ammal body and add another illustration to the long list 
of demonstrations of the validity of physico-chemical laws within 
living bodies We have used alanine as the simplest illustration 
of the reaction, and in view of the ommpresence of lactic acid 
within the organism, it is possible that the retention occurs largely 
or entirely in this state The body could then make use of this 
alanine to the same extent and in the same way that alanme 
derived from the hydrolysis of protem is utilized 

If one does not incline to the view that the ammonia is retained 
in combination, one must assume that it is retained either m the 
state of ammonia or urea The latter appears unlikely, in view 
of the prompt and complete elimination of urea in the direct 
experiment The retention of ammonia as such, m the form of 
a salt, appears to us quite unlikely 
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Since the completion of this paper one more experiment upon a 
dog was performed by Dr L Jonas of this department, which 
corroborates our previous findings 






STUDIES IN THE PURINE METABOLISM 
I ON URICOLYS1S IN THE HUMAN SUBJECT 

By ALONZO ENGLEBERT TAYLOR avd WILLIAM C ROSE 

(From the Department of Physiological Chemistry, University of Pennsylvania, 
Philadelphia, Pa ) 

(Received for publication, April 2, 1913 ) 

The purine bases are, according to almost umversal belief, con- 
verted into uric acid or eliminated unchanged, this apply ng to 
both endogenous and exogenous purine bases To what extent 
the elimination of uric acid, however, is to be regarded as express- 
ive of the formation of uric acid in catabolism (the factor of cir- 
culatory retention being disregarded) is, despite much investiga- 
tion, not yet clear The most current opinion runs to the effect 
that a relatively large amount of the uric acid ormed in metabol- 
ism, or ingested, is converted into urea under the influence of 
uricolytic ferments, such as have been isolated from the organs 
of lower animals Without at this time entermg into a discussion 
of the literature, we wish to report a carefully controlled experi- 
ment on the human subject Experiments to be reported in a 
subsequent paper deal with the influence of the input of nitrogen 
and of glandular work upon the elimination of uric acid 

The subject of the experiment was a healthy young adult, a 
student of medicme, weighmg about 60 kilos The test extended 
over fourteen days Wishing to exclude rigidly any possible in- 
fluence of the input of nitrogen and of glandular work, the diet 
was constant m nitrogen and m calories during the entire period 
The plan of the test was to place the subject for three days upon 
a diet of milk, egg, starch and sugar During the following three 
days, a fraction of the milk-egg was substituted by sweetbreads 
containing the same amount of nitrogen Durmg the next four 
days this substitution was doubled Durmg the last four days 
the subject was again placed upon the diet of the first period 
The nitrogen durmg the four periods was exactly 10 grams per 
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day The caloric value of the diet was 2000 calories per day 
The diet of the first period was prepared daily as follows Four 
eggs were beaten into two liters of milk, and the nitrogen deter- 
mined by the method of Kjeldahl An amount of this mixture 
containing 10 grams of nitrogen was then measured off, and 
enough sugar and nitrogen-free starch added to bring the caloric 
value to the determined plane The food was then cooked m 
the form of a custard, and ingested m three meals This contin- 
ued as stated for three days Upon the fourth day, an amount 
of the mixture of milk and egg corresponding to 3 grams of nitro- 
gen was withdrawn, and replaced by a portion of sweetbreads 
containing 3 grams of nitrogen The sweetbreads were ground 
in a fine mill, and cooked m the form of a loaf, in which state 
duplicating estimations of nitrogen could be secured The cal- 
oric input remained unchanged After four days of this regimen, 
3 further grams of the milk-egg nitrogen input were substituted 
by an equal amount of nitrogen m the form of the sweetbreacL, 
the caloric input being unchanged During the last four days the 
subject was returned to the diet of 10 grams of nitrogen m the 
form of milk and egg Thus the nitrogen input of the tests was 
as follows 

grams 

First period milk-egg nitrogen 10 

Second period milk-egg mtrogen, 7 grams, sweetbread nitrogen 3 

Third period milk-egg mtrogen, 4 grama, sweetbread mtrogen 6 

Fourth period milk-egg mtrogen 10 

It was assumed that the digestion and assimilation of 1 gram of 
sweetbread mtrogen corresponded with that of 1 gram of milk-egg 
mtrogen In the first and fourth periods the subject was on a 
purme-free diet, m the second and thud periods, the subject was 
upon a known and controlled mput of exogenous purine in the 
shape of nucleic acids of the sweetbreads The feces were marked 
and collected The urine was collected in periods, not m days, in 
order to avoid the fluctuations of daily eliminations The 
ures in the tables represent therefore the daily averages of eac^ 
penod, and the evenness of these figures is of course due to this 
procedure The urine was analyzed for total mtrogen by t e 
method of Kjeldahl, for urea by the method of Benedict, f° r a ® 
moma and creatinine by the methods of Folin, for uric aci J 



A E Taylor and W C Rose 


421 


the new colorimetric method of Folm, the dried feces by the 
method of Kjeldahl The purine bases were estimated as follows 

Six hundred ce of urine are freed of phosphates by the addition of 50 cc 
of magnesia mixture, 50 cc of 5 per cent ammonia added, filtered and of the 
filtrate 600 cc taken for the estimation of purine The purine bodies are 
first precipitated according to the method of Salkowski with silver nitrate 
The precipitate is collected, washed free of chlorides, suspended m water, ' 
a drop of hydrochloric acid added, the silver precipitated with hydrogen 
sulphide, heated, filtered hot and the filtrate evaporated to dryness at 
about 70° Important m the operation is a clear filtrate after precipitation 
of silver sulphide, quick filtration of the hot solution, and certainty that 
at all times the reaction of this filtrate is acid The dried residue is then 
taken up in hot water, the smallest traces of sodium carbonate added until 
the uric acid passes entirely into solution, the hot solution faintly acidula- 
ted with acetic acid and filtered at once into a marked 250 cc flask, the 
filtei paper washed with hot water, the flask filled to the mark with hot 
water, and then two portions of 100 cc each measured into beakers, and the 
purines precipitated with copper sulphate and sodium bisulphite according 
to the method of Kruger The washed precipitates are finally transferred 
to Kjeldahl flasks and the nitrogen estimated To determine the purine 
nitrogen of the total urine the obvious calculations must be carried out 
To determine the nitrogen of the purine bases, the nitrogen of the uric acid 
determined apart must be subtracted This method has been apphed to 
urines to which known additions of purine bases and of uric acid have been 
made, with checking results The new Folm method for the estimation 
of uric acid has been found to check well with the results of the method 
of Salkowski, and is carried out in a twentieth of the time 


The following table presents, in terms of nitrogen daily, the 
results of the experiment All figures are rounded 


DATS 

12 3 | 

4 5 6 | 

7 8 9 10 . 

11 12 13 14 

Total urinary N 

8 9 

8 7 

9 1 

8 8 

Urea N (+ NH,) 

7 3 

7 1 ; 

7 1 

wmm 

Creatinine N 



0 56 

■ZB 

Punne N 




mSm 

Uric acid N 




0 07 

Rest N i 



1 18 

1 18 

N input 

10 0 


10 0 

10 0 

Purine N input 

0 

i o 17 j 

0 34 i 

0 

Fecal N output, 



1 


Average 

0 5 



0 5 
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The figure given for the purme nitrogen of the sweetbreads is 
approximate only, it is certainly too low The nucleic acids were 
freed according to Neumann, precipitated with alcohol, then hy- 
drolyzed with hydrochloric acid, then estimated just as described 
for purme nitrogen m the urine The stools contained but mere 
traces of nucleic acid in the cell- and bactena-free filtrate, appar- 
ently, judging by this and by the nitrogen of the stools, the diges- 
tion of the sweetbreads was normal and complete 
From these figures it is clear that although the replacement 
of milk-egg nitrogen by sweetbread mtrogen results in a rise in 
the purine nitrogen of the urine, an expression of the elimination 
of purines derived from the catabolism of the nucleic acids of the 
sweetbreads, this increment in el mination is less than half of the 
known input of purme in the state of nucleic acids m the sweet- 
breads The proportional rise in the elimination during the third 
period as contrasted with the figure for the second period, must 
have been purely accidental It is clear from these figures that 
the larger portion of the ingested purine was either destroyed in 
the alimentary tract prior to resorption, or was converted m the 
metabolism into non-purine (presumably into urea), since less than 
half of the ingested amount was recovered in the urine It is 
also clear from the figures that the ingestion of a moderate amount 
of purme bases does not lead to increase m the purine bases in 
the urine, but solely to increase in uric acid 



ON GLYOXALASE 

By H D DAKIN and H W DUDLEY 
{From the Herter Laboratory, New York ) 

(Received for publication, April 2, 1913 ) 

In a recent communication 1 the writers have given a prelimi- 
nary account of the formation of a-hydroxy-acids from a-ketomc 
aldehydes as the result of ferment action The present paper is 
concerned with a more detailed study of the reaction 

The catalyst with which we are concerned effects the rapid 
conversion of methyl glyoxal into lactic acid and of phenyl glyoxal 
into mandehc acid — a reaction which is readily imitated m vitro by 
the action of alkalies 

CH, CO CHO + H a O = CHa CHOH COOH 

CJR.CO CHO + HaO = CjHi CHOH COOH 

It is probable that other glyoxals may undergo similar changes 
but, from a biochemical standpoint, the formation of lactic acid 
from methyl glyoxal is of particular interest on account of the 
relation of the latter substance to the carbohydrates 

We shall present evidence indicating the enzyme character of 
the catalyst in question and, in conformity with current nomen- 
clature, we propose that it be named “glyoxalase ” 

We find that a solution exhibiting strong catalytic activity, 
such as may be made by straining an aqueous extract of muscle 
or liver from an exsanguinated dog or rabbit, may be heated for a 
short time to 48° without much injury but at once loses its activity 
on heatmg to 60° On allowing the tissue extract to stand at room 
temperature, without addition of antiseptics, the activity is lost 
relatively slowly After forty-eight hours there is not much dimin- 
ution in activity, but after four or five days the solution contains 
but little of the enzyme 

1 This Journal, xiv, p 155, 1913 
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Experiments aiming at a rough purification of the catalyst by 
precipitating filtered tissue extracts with alcohol were unsuccessful, 
but by precipitating with solid ammonium sulphate and dialyzing 
the suspension of the precipitate in water, an active solution of the 
enzyme was obtained 

In order to obtain some information as to the conditions under 
which the enzyme is active, we have made experiments as to the 
effect of the presence of acid and alkali We find that, above a 
certain small concentration, acids such as acetic acid (0 1 per cent) 
exert not only an inhibitory effect, but actually destroy the enzyme 
so that no action is observable on subsequent neutralization Mod- 
erate amounts of alkali (0 1 per cent N&tCOj), on the other hand, 
have no such action The inhibitory effect of acids would seem to 
be of importance, for it obviously indicates a regulatory mechan- 
ism for the action of the enzyme, for both methyl glyoxal and the 
glucose which may yield it are substantially neutral, while an 
accumulation of the product of the enzyme action, lactic acid, 
would automatically inhibit further acid formation It appears 
likely that we have to do with a delicately adjusted equilibrium 
which may roughly be represented as follows 




CH, CO CHO 


CHj CHOH COOH 


Additional support as to the possibility of some such senes of 
changes occurring in the animal body is furnished by the fact that 
we have recently been able to demonstrate the reversibility of the 
methyl glyoxal lactic acid transformation by experiments in vitro 
In addition, by the action of sodium phosphate upon glucose, we 
have been able to obtain a substance which yields hydrazine 
derivatives of methyl glyoxal and which is therefore either methyl 
glyoxal or some closely related substance These experiments, 
and others upon the fate of methyl glyoxal m the diabetic organism, 
will be reported in future co mmuni cations 

The fact that acid, whether formed by the action of the enzyme 
or added to the solution, inhibits the reaction, makes it necessary 
to provide for the automatic neutralization of the solution when 
observing the action of the enzyme Indeed the speed of lactic 
acid formation is so great when moderate amounts of tissue extrac 
are employed that it depends substantially upon the rate of neutr 
ization If neutral methyl glyoxal solution is added to a neu ra 
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tissue extract and the mixture incubated at 37°, it is noticed that 
after a few minutes the solution becomes acid and a heavy precipi- 
tate of protems is formed The acidity may mcrease until it 
is about equal to a ^ solution of lactic acid (0 09 per cent) and 
then no further formation of acid occurs For purposes of neutrali- 
zation we have employed sodium bicarbonate and sodium phos- 
phate and freshly precipitated calcium carbonate The latter 
appears to be preferable The disadvantage of the phosphate is 
that such large amounts are necessary to neutralize relatively 
small quantities of lactic acid and, while the action of the carbo- 
nate is slower, it has httle or no action upon the glyoxals and it is 
not possible for excessive alkahmty to develop 

One of the most curious facts connected with glyoxalase is that 
its action on both methyl glyoxal and phenyl glyoxal does not 
yield a single optically active form of the corresponding hydroxy- 
acid, but a mixture of both forms in unequal proportions Thus 
methyl and phenyl glyoxal give a mixture of laevo and inactive 
lactic and mandehc acids At first we were inclined to ascribe the 
formation of the inactive acids to hydrolysis taking place independ- 
ently of the enzyme, but further investigation does not bear out 
this supposition, and at present we are inclined to the belief that 
both dextro and laevo acids are formed as the result of enzyme 
activity The evidence for this is based upon the following facts 
Firstly Both forms are produced under conditions unfavorable 
to hydrolysis except by enzyme action, eg, in faintly acid solu- 
tion Secondly The acids obtained show variations in the pro- 
portions of laevo and dextro forms In fact, m the case of one 
experiment, an enzyme solution which at first gave chiefly laevo 
mandehc acid when acting on phenyl glyoxal, on standing and 
subsequently acting on fresh phenyl glyoxal, gave mandehc acid 
contammg an excess of the dextro acid This effect was certamly 
not due to bacterial action, since on further standing the enzyme 
was destroyed and no appreciable amount of mandehc acid could 
be obtamed 

Judging by analogy, it seems unlikely that a smgle enzyme 
would effect an incomplete asymmetric synthesis, such as the con- 
version of methyl and phenyl glyoxals into mixtures of the laevo 
and dextro lactic and mandehc acids So far as the facts are at 
present available, it would seem probable that more than one 
enzyme is concerned m the observed reactions 
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It is certainly surprising that glyoxalase when acting upon 
methyl glyoxal should produce an excess of the laevo lactic acid, 
whereas the dextro acid is the variety ordinarily found in animal 
tissues Levene and Meyer 1 2 have recently shown that dextro 
lactic acid is exclusively produced by the action of leucocytes upon 
glucose and, simultaneously with ourselves, revived Nef's view 
that methyl glyoxal is an intermediate step in the conversion of 
glucose into lactic acid What role, if any, laevo lactic acid plays 
in animal metabolism must be the subject of future investiga- 
tion, for it is clear that the stereochemical relations are by no 
means simple It may be noted, however, that the occurrence 
of inactive lactic acid m animal tissues has, in the past, been 
asserted, although Moriya 3 believed on the basis of rather inade- 
quate experiments that these statements were inaccurate 
An idea of the striking activity of glyoxalase may be gained from 
the fact that 100 cc of an extract prepared by shaking liver tissue 
with five parts of saline, containing less than a gram of organic 
matter, is able to convert more than 2 grams of methyl glyoxal mto 
lactic acid in less than fifteen minutes if provision is made for the 
prompt neutralization of the acid as formed 

It would seem likely that glyoxalase may have a wide distribu- 
tion, and we have already observed its presence in yeast and m 
the oyster Certain lactic acid bacilli which were tested, gave a 
negative result possibly on account of the failure of the enzyme, if 
present, to leave the mtact cells We find that the action of gly- 
oxalase observed in blood is confined entirely to the cells, the serum 
being inactive 


EXPERIMENTAL 

Preparation of glyoxalase extract from animal tissues 

The animal (dog or rabbit) was bled and washed out with physio- 
logical saline under ether anaesthesia Immediately after death 
the tissues to be used were removed, finely minced and stirred up 
with warm (35°C ) saline for a few minutes To each 100 cc o 
saline were added 20 grams of minced tissue The liquid was then 
strained through muslin In most experiments the turbid extrac 

1 This Journal, xiv, p 149, 1913 

* Zeilschr f physiol Chem , xlm, p 397 



H D Dakin and H W Dudley 427 

was used directly, but it may be ( filtered through paper without 
losing its activity The filtrate may also be precipitated with 
solid ammonium sulphate and on dissolving the precipitate in 
wdter and dialyzing an active solution of the enzyme may be 
obtained 

Investigation of the action of glyoxalase extract on 'phenyl 
and methyl glyoxal 

a Phenyl glyoxal To a known volume of extract was added a 
solution of phenyl glyoxal and the substance used for controlling 
the acidity of the mixture — sodium phosphate, sodium carbonate 
or chalk After incubation for several hours at 37°C m the pres- 
ence of a small amount of toluene solid ammonium sulphate — 
roughly 50 grams to 100 cc — was added and the liquid was heated 
in a water bath for ten to fifteen minutes The ammonium sul- 
phate precipitates any unchanged phenyl glyoxal The mixture 
was then allowed to cool, acidified with a few cubic centimeters 
of phosphoric acid, and, after effervescence had subsided, filtered 
off from precipitated protem which was washed with ammonium 
sulphate solution The filtrate, to which a further small quantity 
of phosphoric acid was added, was then extracted three times with 
small amounts of ether, each extract being washed with about 5 
cc of water The residue, after evaporation of the ether, was 
dissolved m water (10 cc ), filtered, examined polarimetncally 
in a 2 dm tube, and subsequently its acidity determined 
by titration of 5 cc of the solution with decmormal sodium 
hydrate 

h Methyl glyoxal In this case the incubation mixture was pre- 
pared as for phenyl glyoxal, but for the extraction of the lactic 
acid produced the following method was first adopted The pro- 
tein was precipitated with ammonium sulphate and filtered off as 
before, and the filtrate, acidified with phosphoric acid, was ex- 
tracted with ether for many hours The residue from the ether 
extract was taken up in water, examined m the polarimeter, and 
an aliquot part was titrated with decmormal alkah to determine 
the acidity The remainder was converted into the zinc salt for 
identification and analysis 

In later experiments the incubated mixture was famtly acidified 
with acetic acid and then evaporated nearly to dryness on the water 
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a Observed rotation, -0 07° 1 ec required 5 8 cc alkali equivalent to 

0 6264 gram lactic acid 

6 Observed rotation, 0° 1 cc required 0 1 cc alkali 

c Observed rotation, -f 0 02° 1 cc required 0 3 cc alkali 

d 100 cc 20 per cent extract (liver and skeletal muscles of rabbit) + 10 
cc chalk suspension + 1 gram methyl glyoxal m 40 cc of water Incubated 
18 hours at 37°C 

Worked up lactic acid with gypsum as described and extracted m Soxhlet 
apparatus with ether 

Ether extract made up to 10 cc Rotation in 2 dm tube, —0 2° 1 cc 
required 10 1 cc alkali = 0 909 gram lactic acid 

V Inhibition of activity of enzyme due to the -production 
of lactic acid 

100 cc of 20 per cent extract (liver and skeletal muscles of rabbit) were 
mixed with 1 gram of methyl glyoxal in 40 cc of water and incubated at 37°C 
for 18 hours The precipitate of protein produced was filtered off m the 
cold 55 cc of the solution were titrated with decifiormnl sodium hydrate 
and required 5 2 cc This corresponds to a 0 0S5 per cent solution of lactic 
acid, and at this acidity glyoxalase ceases to convert methyl glyoxal into 
lactic acid 

The lactic acid obtained from different experiments was all worked up to 
zinc lactate This was recrystallized and analyzed 
Crop I 0 29-41 gram lost 0 0-192 gram HjO at 120°C = 16 7 per cent 
Crop II 0 2749 gram lost 0 0386 gram HjO at 120°C = 14 03 per cent 
0 2541 gram zinc lactate (anhydrous) gave on ignition 0.0S53 gram ZnO = 
33 56 per cent ZnO Theory requires 33 4 per cent 
Crop I 0 3052 gram of the recrystallized salt in 10 cc aqueous solution 
gave a rotation of + 0 32° in a 2 dm tube 

[«Jd = + 6 36° 

Crop II 0 2749 gram recrystallized salt m 10 cc solution gave a rotation 
of 4- 0 42 ° 

[o] D = + 8 89“ 

Presence of glyoxalase m blood cells 

The serum and cells of defibrinated dog’s blood were separated 
by means of the centrifuge After the cells had been washed 
several times with saline, they were added to solutions containing 
chalk and phenyl glyoxal In one series of experiments, 25 cc o 
blood serum were added to a solution of 0 1 gram phenyl glyo 
m 25 cc of water, and blood cells made up to 50 cc with same 
were added to a similar solution These were mcubated at 37 
in the presence of toluene for twenty hours The mandehc aci 
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was worked up as usual and the solutions (10 cc ) examined m a 
2 dm tube gave readings of 0° and — 0 45°, respectively Gly- 
oxalase was evidently absent from the serum but present m the 
cells 

Using chalk to neutralize the acid formed, it has been possible 
to obtain large rotations, using the cells from only 5 cc of blood 

Presence of glyoxalase m other organisms 

Yeast A mixture of 5 grams of pressed yeast in 50 cc of water 
with 0 2 gram phenyl glyoxal and 5 cc of chalk suspension was 
incubated for 24 hours at 37°C m presence of toluene The man- 
dehc acid was worked up in the usual manner and was readily 
obtamed m crystalline form the rotation of the solution (10 cc ) 
m a 2 dm tube was — 0 42° Glyoxalase was evidently present 

Oyster 25 grams of the mmced tissues were added to a solution 
of 0 2 gram phenyl glyoxal in 50 cc of water, 5 cc of a chalk sus- 
pension and a few drops of toluene The mixture was incubated 
for 24 hours at 37°C and mandelic acid extracted m the usual 
manner Rotation of solution (10 cc ), —0 42° Glyoxalase was 
undoubtedly present 

Similar experiments to the above gave negative results when 
extracts of young potatoes or cultures of B bulgancus were em- 
ployed 




STUDIES IN THE BLOOD RELATIONSHIP OF ANIMALS 
AS DISPLAYED IN THE COMPOSITION OF 
THE SERUM PROTEINS H 

A COMPARISON OF THE SERA OF THE OX, SHEEP, HOG, GOAT, 
DOG, CAT AND GUINEA PIG WITH RESPECT TO THEIR 
CONTENT OF VARIOUS PROTEINS 

By J HOMER WOOLSEY 

( From the Rudolph Sprechels Physiological Laboratory of the University of 

California ) 

(Received for publication, April 3, 1913 ) 

In the following investigations I have employed Robertson’s 
refraetometnc method 1 of determining the concentrations of the 
various proteins contained m blood sera 

The animals employed were m some instances fasted for a defi- 
nite period preceding the determinations, in the majority of in- 
stances normally fed animals were employed and their sera ana- 
lyzed at an undetermined period after they had last fed These 
animals are distinguished below as “normal” while the fasting 
animals are so designated The sera were obtained by defibri- 
natmg the fresh blood, either by whipping or by shaking up with 
glass beads, and centrifuging the defibrinated blood In each case, 
with the exceptions noted below, the reported analytical results 
are the average of four closely agreeing determinations made upon 
the same sample of serum 

A Results obtained with, ox serum 

The following were the results yielded by four different samples 
of ox serum obtamed from “normal” animals at the time of 
slaughter in a neighbormg meat company’s plant 

1 T Brailaford Robertson this Journal, \i, p 179, 1912 
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TABLE 1 
Ox serum 


EXPERIMENT 

INSOLUBLE 

GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

ALBUMINS 

TOTAL 

PROTEINS 

I 

0 52 ± 0 04 

1 94 =t 0 15 

5 57 ± 0 2 

7 51 ± 0 2 

o 

0 59 ± 0 04 

2 30 =±= 0 15 

5 27 0 2 

7 44 ± 0 2 

3 

0 62 * 0 04 

2 34 =*= 0 15 

5 18 — 0 2 

7 52 ± 0 2 

4 

0 73 ± 0 G4 

2 26 ^ 0 15 

5 28 ± 0 2 

7 54 ± 0 2 

Average 

0 61 =4= 0 04 

2 21 * 0 15 

5 32 ± 0 2 

7 50 ± 0 2 


The figure following the — sign is the possible error in the determination 
due to a possible error of 1' in reading the angle of total reflection 


Expressing each of the above-mentioned proteins in terms of the 
percentage of the total proteins which they represent, they yield 
the following figures 

“ Insoluble” globulin 8 1 1 ® ^ j (— 0 4) 

Total globulins 29 o/ (=*= 2 0) 

Total albumins 70 o| ^ q} (* 2 0) 

The first figure opposite each group represents the average percentage, 
the upper figures immediately following, the highest percentage observed 
in anj individual, the lower figure, the lowest percentage observed in any 
individual, and the figure in brackets, the plus or minus error in the esti 
mation of these percentages which would be brought about by an error of 
1' in reading the angle of total reflection 

Previous estimates of the proteins in ox serum are the following 


T B Robertson * Determinations made upon the serum from one am 
mal by the refractometnc method 

“Insoluble” globulin 8 9 (=*= 0 4) 

Total globulins 36 0 (* 2 0) 

Total albumins 64 0 (— 2 0) 


O Hammarsten 5 Determinations made upon five animals, globulins pre- 
cipitated by saturation of the serum with MgSO*, the albumins determin 
by subtracting the globulins from the total proteins . 

a) 


Total globulins 
Total albumins 


56 


45 


\ 46 
./ 56 
’I 36 


iT BraiMord Robertson loc cit 

»0 H amm arsten Arch / d ges Physiol , xvu, p 461,1878 
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B Results obtained, mth sheep serum 

The following were the results yielded by four different samples 
of sheep serum obtained from “normal” animals 


TABLE 2 

Sheep serum 


EXPERIMENT 

IN80LUBIB 

GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

ALBUMINS 

1 TOTAL 

PROTEINS 

5 

0 44 =fc 0 04 

1 10 ± 0 15 

6 28 ± 0 2 

7 38 * 0 2 

6 

0 4S =*= 0 04 

1 25 ± 0 15 

5 59 ± 0 2 

6 64 =fc 0 2 

7 

0 46 ± 0 04 

1 07 =*= 0 15 

5 47 =t 0 2 

6 55 * 0 2 

8 

0 33 ± 0 04 

1 17 * 0 15 

4 44 =fc 0 2 

5 61 =t 0 2 

A\ erage 

0 42 ± 0 04 

1 14 ± 0 15 

5 44 ± 0 2 

6 59 * 0 2 


Expressing each of the above-mentioned proteins in terms of the 
percentage of the total proteins which they represent, they yield 
the following figures 


“Insoluble” globulin 
Total globulins 
Total albumins 


6 4 { 5 9 } (± ° 4) 

17 °{ ?4 0} (±20) 

«°{SS} (±20) 


Previous estimates of the proteins in sheep serum are the fol- 
lowing 

J Lewinski 4 Globulins precipitated by saturation of the serum with 
MgSO«, albumins determined by subtracting the globulins from the total 
proteins 

Total globulins ^ 

Total albumins 56 


C Results obtained with hog serum 

The following were the results yielded by four different samples 
of hog serum obtained from “normal” animals 

4 J Lewinski Arch f d ges Physiol, c, p 611, 1903 
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TABLE 3 
Hog serum 


EXPERIMENT 

INSOLUBLE 

GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

ALBUMINS 

TOTAL 

PROTEINS 

9 

0 37 =t 0 04 

3 17 * 0 15 

4 01 ± 0 2 

7 19 * 0 2 


0 48 i 0 04 

1 98 ± 0 15 

5 21 ± 0 2 

7 19 ± 0 2 

11 

0 48 =*= 0 04 

3 34 0 15 

4 96 =t 0 2 

8 50 ± 0 2 

12 

0 51 ± 0 04 

2 47 * 0 15 

5 25 =*= 0 2 

7 72 ± 0 2 

Average 

0 46 ± 0 04 

2 76 ^ 0 15 

4 86 ± 0 2 

7 60 ± 0 2 


Expressing each of the above-mentioned proteins in terms of the 
percentage of the total portems which they represent, they yield 
the following figures 

“Insoluble” globulin 6 o/ J? (* 0 4) 

Total globulins 36 o| ^ fjl (± 2 0) 

Total albumins 64 0 j gj? (=*= 2 0) 

Previous estimates of the proteins in hog serum are the follow- 
ing 

J Lewinski 5 Globulins precipitated by saturation of the serum with 
MgSCb, albumins determined by subtracting the globulins from the total 
proteins 

Total globulins ^0 

Total albumins $ 


D Results obtained with goat serum 

The following were the results yielded by two different samples 
of goat serum obtained from “normal” animals 


TABLE i 
Goat serum 


EXPERIMENT 

INSOLUBLE ’ 
GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

albumins 

total 

PROTEINS 

13 

14 

0 38 ± 0 04 

0 54 =*= 0 04 

1 41 * 0 15 

1 72 ± 0 15 

5 03 ± 0 2 

5 59 ± 0 2 

6 44 ± 0 2 

7 31 * 0 2 

Average 

0 46 =*= 0 04 

1 56 ± 0 15 

5 31 * 0 2 

6 87 ±02 


1 J Lewinski loc ext 
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Expressing each of the above-mentioned proteins in terms of the 
percentage of the total proteins which they represent, they yield 
the following figures 


“Insoluble” globulin 
Total globulins 
Total albumins 


6 5 


/ 


22 0< 


75 0 


5 
23 
20 
76 
\ 73 


It} 

S} 

0 °} 


(*0 4 ) 
(*=2 0 ) 
(*=2 0 ) 


Previous estimates of the proteins in goat serum are the fol- 
lowing 

C Quinan * Determinations made upon one animal at intervals of one 
month in four series of analyses, "insoluble” globulin precipitated by 
CO , albumins determined by N determinations upon filtrate freed of 
globulins by MgSO*, globulins determined by subtracting the albumins 
from the total proteins 


“Insoluble” globulin 
Total globulins 
Total albumins 


9 4 
46 0 
54 0 


E Results obtained with dog serum 

The following were the results yielded by five different samples 
of dog serum obtained from animals fasted for forty-eight hours 
In each case the reported analytical results are the average of 
three closely agreeing determinations upon the same sample of 
serum 

TABLE 5 


Dog serum 


EXPERIMENT j 

INSOLUBLE 

GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

ALBUMINS 

TOTA 

PROTEINS 

15 

0 38 ± 0 04 

0 81 ± 0 15 

5 66 ± 0 2 

6 47 ± 0 2 

16 

0 57 =* 0 04 

1 25 ± 0 15 

6 24 ± 0 2 

7 50 =<= 0 2 

17 

0 59 * 0 04 

1 79 =fc 0 15 

4 98 ± 0 2 

j 6 72 =*= 0 2 

IS 

0 67 ± 0 04 

1 39 =*= 0 15 

6 69 ± 0 2 

8 OS ± 0 2 

19 

0 55 ± 0 04 

1 31 ± 0 15 

5 24 =i= 0 2 

6 57 ± 0 2 

Average 

1 0 55 ± 0 04 

I 31 ± 0 15 

5 76 =*= 0 2 

7 07 ± 0 2 


8 C Quinan Unui of Calif Pub l Path , i, p 1, 1903 
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Expressing each of the above-mentioned proteins m terms of the 
percentage of the total proteins which they represent, the fol- 
lowing figures are obtained 

“Insoluble” globulin 7 

18 
81 

Previous estimates of the proteins in dog 
lowing 

J Lewmski 7 Globulins precipitated by saturation of the serum with 
MgSO», albumins determined by subtracting the globulins from the total 
proteins 

Total globulins 42 

Total albumins 58 

G Salvioli ‘ Globulins precipitated by saturation of the serum with 
MgSOi, albumins by subtracting the globulins from the total proteins 

f 49 

Total globulins 23 


Total globulins 
Total albumins 


J 8 8 \ 
7 \ 5 9/ 

J 27 0\ 


(* 0 4) 
(±2 0 ) 

“} <* 2 °> 
serum are the fol- 


1 12 0 S 

I 87 0\ 
\ 74 i 


F Results obtained with cat serum 

The following were the results yielded by four different sample 
of cat serum obtained from animals fasted for forty-eight hours 
Two determinations were made upon each sample of serum 


TABLE 6 
Cal serum 


expebimevt 

INSOLUBLE 

GLOBULIN 

TOTAL 

GLOBULIN'S i 

TOTAL 

ALBUMINS 

TOTAL 

PBOTELNS 

20 

0 64 ± 0 04 

4 09 ± 0 15 

50 ±02 

9 09 ± 0 2 

21 

0 48 ± 0 04 

2 09 ± 0 15 

6 02 ± 0 2 

8 11 ± 0 2 

22 

0 55 ± 0 04 

2 03 ± 0 15 

6 32 ± 0 2 

8 35 ± 0 2 

23 

0 52 ± 0 04 

2 05 ± 0 15 

6 10 ± 0 2 

8 15 ± 0 2 

Average 

0 55 ± 0 04 

2 56 ± 0 15 

5 86 ± 0 2 

8 42 ± 0 2 


7 J Lewmski loc cit 

5 G Salvioli Arch f ( Anal u ) Physiol , 1881, p 269 
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Expressing each of the above-mentioned proteins m terms of 
the percentage of the total proteins which they represent, the fol- 
lowing figures are obtained 


“Insoluble” globulin 
Total globulins 
Total albumins 


5 { Is}** 04 * 

1 °> s 0 } <* 20 > 
°\ 55 0 } C± 2 0) 


G Results obtained with guinea -pig serum 

The following were the results yielded by one sample of guinea 
pig serum obtained from ten animals fasted for twenty-four hours 
Two determinations were made upon the sample of serum 

table 7 

Guinea pig serum 



insoluble 

GLOBULIN 


TOTAL 

GLOBULINS 


TOTAL 

ALBUMINS 


TOTAL 

PROTEINS 


0 25 * 0 04 0 93 *0 15 5 01 *02 5 94 *02 


Expressing each of the above-mentioned proteins in terms of the 
percentage of the total proteins which they represent, the follow- 
ing figures are obtained 


“Insoluble” globulin 
Total globulins 
Total albumins 


4 2 (± 0 4) 
16 0 (± 2 0) 
84 0 (* 2 0) 


SUMMARY 


The following table summarizes the average results obtained 



“Insoluble” globulin 
Total globulin 
Total albumin 


PERCENTAGE OP THE TOTAL PROTEINS IN THE SERA OP 


Oi Sheep 



65 7 7 65 42 

22 0 IS 0 30 0 16 0 
75 0 81 0 69 0 S4 0 























STUDIES ON THE THEORY OF DIABETES 


I SARCOLACTIC ACID IN DIABETIC MUSCLE 
By R T WOODYATT 

( From the Olho S A Sprague Memorial Institute, Laboratory of Clinical 
Research, Rush Medical College, Chicago ) 

(Received for publication, April 7 , 1913 ) 

The primary chemical disability in diabetes mellitus and pan- 
creas diabetes has been held by different writers to affect each of 
the thmgs which it is known can be done with sugar by a normal 
body, eg , to burn it, to produce it m moderation, to store it as fat, 
or to "fix" it as glycogen, etc As far back as 1871 Schultzen sug- 
gested that the primary error was an inability to open up the 
glucose molecule and so render it fit for oxidation 

For a number of years we have found it serviceable to regard 
dissociation of sugar as prerequisite for its chemical reactivity m 
general, i e , for its oxidation, reduction, polymerization, combina- 
tion, or functioning m equilibria — in the same sense that this has 
been made the basis for a great array of organic chemical reactions 
m vitro by J U Nef The active principle m the so-called internal 
secretion of the pancreas is a substance whose effect, like that of 
alkali m vitro, is to increase the dissociation of certam classes of 
substances including the sugars Once dissociated, the fate of the 
residues thus set free depends upon the reaction conditions encoun- 
tered by these residues m the various cells and fluids of the body 
Sarcolactic acid has a peculiar interest m this connection because 
it may be formed in the body under certain circumstances ( i e , 
under conditions tending toward asphyxia — general or local), 
and because in so far as it comes from sugar it represents purely 
and simply a product of dissociation and intramolecular rearrange- 
ment This interpretation of lactic acid as a dissociation product 
of glucose has been made by a number of writers The question 
arises Is the power of the body to form lactic acid out of sugar 
lessened m diabetes 9 
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It is a fact that lactic acid is seldom found in detectable quanti- 
ties in the ether extracts so frequently obtained in the routine 
determination of /3-hydroxybutync acid m the urine of severe 
diabetes Von Noorden 1 states that he has three tunes sought it 
m vain We have also failed to prepare an insoluble zme salt from 
this residue m a number of attempts The reason for this is clear 
when one recalls the work of Mandel and Lusk 5 who demonstrated 
the complete conversion of administered lactic acid into sugar in 
fully phlorhizunzed dogs and its failure to occur even in the urine 
of dogs which were poisoned with phosphorus when these do B s were 
fully phlorhizunzed Obviously one can draw no .conclusion from 
the urinary findings as to the diabetic’s ability to form lactic acid 
There are other ways, however, of attacking the problem 

Fletcher and Hopkins 3 have held that the lactic acid which is 
formed in fresh muscles, and which has been regarded by many as 
intimately connected with rigor mortis and death, is a product 
solely of the survival period Under proper circumstances a given 
weight of muscle will produce a certain maximum quantity of 
lactic acid, after which no injury or stimulation will influence it 
to form any more (Lactic acid can also be formed according to 
Kondo 4 by the action of fresh muscle juice and the quantity 
formed can be varied by altering the reaction of the juice The 
addition of alkali according to him prolongs and increases, the addi 
tion of acid shortens and decreases the lactic acid formation He 
believes that the degree of acidity may set the limit for survival 
lactic acid formation But this does not imply that with a given 
surviving muscle the quantity of lactic acid produced is not a 
function of the mother substance from which it arises) How 
since the lactic acid formed in an isolated muscle is not subjected 
to the dram of sugar which occurs during life when glycosuria b 
m progress and which tends to “ draw” ufto glucose the lactic aci , 
alanine, glycerol, and other substances which are normally w 
equilibrium with glucose, we decided to produce diabetes in 
animals, study them metabolism during life, and then ascertain 
the power of the isolated muscle to form lactic acid during e 
survival period 

1 Handbuch der Pathologie des Stoffwechsels, 1907, h, P 95 

1 Mandel and Lusk Amer Journ of Physiol , xn, p 129, l 906 

1 Journ of Physiol , xxxv, p 247, 1907 

* Biochem Zeilschr , xlv, p 63, 1912 
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Methods 

The method employed for securing a maximum survival yield 
of lactic acid was devised m accordance with the principles estab- 
lished in the papers of Fletcher and Hopkms 5 and of Fletcher 6 
According to them mammalian muscles are tardy m reaching their 
final acidity unless hurried by methods which provide a suitable 
temperature and stimulus without premature injury Absence 
of oxygen, the proper time and temperature, certain chemicals, 
e g , chloroform, insure completeness of the process The animals 
used in these experiments were deeply anaesthetized with chloro- 
form The abdomen was then opened and portions of liver rapidly 
removed for glycogen determinations, which were carried out m 
accordance with the directions of Pfluger 7 The great abdominal 
vessels were then slashed and the animal suspended by the hmd 
limbs to insure as complete exsangumation of the latter parts as 
possible Muscle was then rapidly dissected from the fore- 
quarters for glycogen determination This done, the carcass was 
immersed in water at 45°C for an hour, then removed from the 
water and kept m a covered boiler for six hours more at 30-35°C 
Rigor mortis always developed fully during the first hour At the 
end of the six hours the skm was dissected from the hmd limbs, 
after which the muscles were dissected out cleanly, care being 
taken to use the same groups on each side The muscles were 
then run through a mincer, after which the minced muscle was 
thoroughly mixed The mincing and mixing were done four times 
in all, after which the hash was weighed out into 50-gram portions, 
each of which was covered with 500 cc of 95 per cent alcohol 

The subsequent steps in the alcohol extraction, the removal of 
fat and lipoids by means of blood charcoal, the ether extraction 
out of the acidified aqueous solution, the conversion of the lactic 
acid mto the zinc salt, its weighing m the anhydrous form, as well 
as the determination of its purity by means of ZnO determinations, 
were all done essentially as described by Fletcher and Hopkms 
We introduced, however, certain mechanical changes 

Thus, in the original alcohol extraction we simply stirred the hashed 
muscle with a rod until all clumps were thoroughly separated and after 


5 Journ of Physiol , xxxv, p 247, 1907 

• Ibid , xlin, p 286, 1911 

7 Abderhalden Handbuch der Biochem Arbeitsmethoden , 1910, n, p 1071 
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tn enty-four hours’ standing decanted the alcohol on to a small, folded 
filter (Fletcher and Hopkins rubbed up the muscle and alcohol >n a mortar 
and squeezed out the muscle mass in muslin after decanting, making, in all, 
four extractions ) After five extractions, each with 500 cc of 95 per cent 
alcohol, the muscle residue was allowed to dry in a desiccator, then pulver- 
ized m a mortar and finally extracted twice more as before In clearing with 
blood charcoal to remove lipoids, etc , we made the aqueous solution of the 
alcoholic residue to exactly 150 cc , then added 7-10 grams of blood charcoal 
and carried out the heating under an efficient reflux condenser After cool- 
ing, the liquid was filtered, and an aliquot part of the whole was used for 
analysis, generally 120 cc or 80 per cent This avoided the process of wash 
ing and reboilmg the charcoal, employed by Fletcher The filtrate was then 
evaporated to dryness, made up with H 2 0 to exactly 20 cc in a bulbed 
graduate ("phenol tube") and then to 25 cc with a saturated solution of 
phosphoric acid This solution was covered with 100 cc of ether and 
shaken In separating the ether layer we employed a special siphon instead 
of a pipette and earned out the extraction as stated in a ‘‘phenol tube,” the 
bulb of which permitted the use of a large volume of ether for the 25 cc of 
solution, although the graduated stem of the tube wa3 narrow and per 
mitted of a very sharp separation of layers We extracted the aqueous 
residue ten times with exactly 100 cc of ether each time, and proceeded in 
the same way in each experiment The ether subsequent to decantation 
was handled as in Magnus-Levy’s method for /3-hydroxybutync acid deter 
mination in the urine, to ensure freedom from emulsified solution containing 
inorganic acid The final zinc salt was always white and pure and when 
analyzed gave uniformly satisfactory ZnO figures, so that in some expen 
ments we omitted this final ignition Analyses were made in pairs 

Phlorhizmization of dogs was accomplished by administering 
to animals of 7-9 kgms body weight, every 6 hours subcutane- 
ously, 2 grams of phlorhizin dissolved m 30 cc of 1 2 per cent solu- 
tion of sodium carbonate During the first hours of the regimen 
the dogs were given cold baths and permitted to shiver afterwards, 
according to Lusk’s method The urme was obtained by catheter 
and the bladder irrigated with warm water at the end of each 6- 
hour period Nitrogen determinations m the urme were made by 
the Kjeldahl method, dextrose by polariscope, and by the titra- 
tion method of Bang and Bohmannsson 8 

Results 

The relative quantities of lactic acid obtained per 100 grams 
muscle, and expressed m weights of anhydrous zme lactate may 
be seen by reference to the chart The first four hues, A, > > 

f Ztilschr f physiol Chem , ban, p 443, 1909 
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and D, represent the quantity of zinc lactate obtained from the 
lactic acid m 100 grams of muscle from healthy dogs, m such states 
of nutrition as they were when brought to the laboratory The 
last line H is the figure obtained in a case of severe human diabetes 
The other three lines, E, F, G, correspond to the figures obtained 
from muscles o c phlorhizimzed dogs, the lowest, E, being that from 
a fully phlorhizimzed and glycogen-free animal in which the D N 
ratio was 3 73 1 , the next lowest, F, a dog m which the ratio was 
2 82 1 and in which a trace of glycogen was found, the highest 
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of the three, G, a dog in which the ratio was 2 90 1, but to which 
glucose was given intravenously just before death in order to create 
an hyperglycaemia, and which contained m the muscles 0 22 per 
cent glycogen 

Discussion of results 

It is apparent from these figures that the quantity of lactic acid 
formed m muscles from healthy dogs varies, presumably with the 
different states of nutrition It is also clear that the muscle from 
the human diabetic formed distinctly less lactic acid than the low- 
est normal muscle But it is very possible that the survival lactic 
acid comes from three sources (I) glycogen sugar, (£) sugar derived 
from protein or fat, (3) directly from fatty or amino-acids without 
intermediate sugar formation In the case of the muscle of the 
human diabetic, the fraction (l) from glycogen might naturally be 
expected to be absent or very low because m such diabetics the 
muscles contain little or no glycogen Therefore the muscle of 
the human diabetic had presumably less material to work upon 
than the normal and the values obtained are not directly compar- 
able to those found for muscles of well nourished animals In 
Experiment E the factor ( 1 ) was removed by means of phlorhizin, 
thus producmg a state of nutrition parallel to that found in human 
diabetes but nevertheless without injury to the pancreas Inci- 
dentally an hypoglycaemia was caused, i e , the value of (2) was 
somewhat lowered The lactic acid formed by the muscle of this 
dog is therefore directly comparable to that found m the human, 
except for the difference m species and perhaps in the lessened 
value of ( 2 ) 

In Experiment F the attempt was made to replace (2) by creat- 
ing hyperglycaemia just before death, but in such experiments 
there is a rise both in the amount of glycogen and of lactic acid 
found This experiment appears to demonstrate directly the 
power of the muscle to form lactic acid and glycogen from glu- 
cose, and affords possibly the best comparison of the series wi 
the muscle of the human diabetic Now if we compare the lactic 
acid formed in human diabetes with that formed in the ph or 
hizimzed dogs (in which pancreatic function was normal) it ap- 
pears that with the same material at hand out of which to orm 
lactic acid or even with a little less at hand, the pblorhizunze 
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dog muscle made somewhat more lactic acid than that of the 
human diabetic 

In all cases in which diabetic muscles were analyzed there was 
some lactic acid formation This would have to be ascribed to 
protem (and perhaps in part to fat) — either directly or through 
sugar as an intermediate Owing to this fact — that lactic acid 
formed in surviving muscles comes partly from sources other than 
sugar — lactic acid cannot be made a direct measure of the disso- 
ciation of sugar in these experiments as was originally hoped 
As an incident it is interesting to note that a dog, m which a 
D N ratio of 3 73 1 was produced, proved to be in reality 
glycogen-free by post-mortem analysis, a confirmation of the 
conclusion reached by Lusk 9 The animal in which the ratio was 
2 83 showed a trace of glycogen m the muscles And with a ratio 
of 2 97 and the intravenous administration of glucose the glycogen 
m the muscle was 0 22 per cent 

EXPERIMENTS 

I 


Experiments with healthy dogs m different states of nutrition handled in 
accordance with methods described on p 443 


EX 

PERI 

MENT 

TOTAL Zn(CiH*Oj)i 
(anhydrous) 

, PER 100 QU9 MUSCLE 

! 

amount Zn(C>HsOi)i 

USED FOR 
INCINERATION 

ZnO 

Weight 

obtained 

j per cent I 

Theory 

A 

0 491 

0 321 

0 109 

34 24 

33 43 

B 

0 605 





C 

0 481 





D 

0 597 

0 235 

0 0S5 1 

36 17 

33 43 


Elements of the Science of Nutrition, 1909, second edition 


448 


Sarcolactic Acid in Diabetic Muscle 


II 

Experiments with phlorhizimzed dogs — phlorhizimzed and handled as 
described under Methods, p 444 

Experiment E The urinary findings for successive 6-hour periods gave 
the following figures (Dextrose, Bang-Bohmannsson, N, Kjeldahl) 


PERIOD 

DEXTROSE 

! N 

D N 

AVERAGE D N FOE 
LAST 18 HOURS 


per cent 

| per cent 



I 


0 35 

7 14 


II 

4 0-1 

! 0 57 

7 09 


III 

2 90 

0 58 

5 00 


IV 

3 50 

0 97 

3 60 

I 

V 

3 86 

i 0 96 

4 00 

\ 3 73 1 

VI 

3 59 


3 59 

J 


Glycogen determinations carried out on 50 grams each of muscle and liver 
(Pftuger) The final residue obtained after filtration of the alcohol 'was 
dissolved in 20 cc of hot water and cleared with HC1 as per Pfliiger’s direc 
tions This fluid showed no dextro-rotation and, after boiling for one half 
hour with 10 per cent HC1 and neutralization, no reducing power in Baines’ 
solution The iodine reaction was also negative 

Total anhydrous Zn(CiHiOi)i obtained per 100 grams muscle, 0 1467 gram 
Used for ZnO determination, 0 0514 gram ZnO found, 0 0172 — correspond 
ing to 33 46 per cent, theory, 33 43 per cent A blood-sugar determination 
(Bang, Lyttkens and Sandgren, Zeilschr f physiol Chcm , Ixv, p 497) 
showed 0 073 per cent 

Experiment F Phlorhizimzed dog The same procedure as in E, 
except that no effort was made to collect the whole urine for each period 
nor to maintain even dilution of the urine 




N 

D V 

AVERAGE D N F° B 

PERIOD 

DEXTROSE 

LAST 18 1I0DR3 


per cent 

per cent 



I 





II 

2 55 

0 46 

5 59 


III 

1 93 

0 67 

2 88 

1 2 82 1 

IV 

1 82 

0 69 

2 64 

V 

1 80 

0 61 

2 94 

J 


Glycogen determination m muscle, trace, in liver, trace (?) for 

Total anhydrous Zn{CtH i0 3 ), per 100 grams muscle, 0 227 gram 
ZnO determination, 0 0782 gram ZnO found, 0 0263, corresponding to 
per cent, theory, 33 43 per cent 
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Experiment G Phlorhizinized dog unlh intravenous glucose injection 


PERIOD 

1 

DEXTROSE 

■ - - I 

N 

D N 

average D V FOR 
EAST 18 HOURS 


per cent 

per cent 

j 


II 

4 17 

0 85 

4 85 ' 


III 

4 17 

1 57 

2 66 

) 

IV 

2 50 

0 74 

3 37 

1 2 97 

V 

2 40 ! 

0 83 

2 90 

J 


At the close of the last period analyses of the urine were made as usual, 
the time consumed being two hours The animal was then chloroformed 
and 100 cc of a 12 9 per cent glucose solution introduced into the femoral 
vein The ureters were then clamped to stop excretion Ten minutes 
later the usual procedure was earned out 

Glycogen determination m liver, a trace (the residue from 50 grams liver, 
made up in the final step to 50 cc with water, read in a 20 cm tube + 0 06°) 
Glycogen in the muscle, 0 219 per cent (final residue from 50 grams of muscle 
made up to 20 cc read in 20 cm tube + 1 09°) 

III 

Human diabetes ( so-called “bronze diabetes’’) 

Experiment H Clinical history Dr G P , age 42, case No 61501, 
Presbyterian Hospital, Chicago Service of Dr Frank Billings Patient 
entered the hospital June 15, 1911, and died in true dyspnoeic coma ten 
weeks later He probably had a transient glycosuria four years prior to 
admission Four months before admission a controllable glycosuria oc- 
curred One month before admission it became intractable On admis- 
sion the urine contained much sugar, acetone, acetoacetic and /3-hydroxy- 
butync acids with a high NHi figure He complained of weakness, loss of 
weight and strength, thirst and polyuria Just before this time because 
of an old luetic affair he had taken a course of baths and mercurial inunc- 
tions after which he was troubled greatly with pain in the distribution of 
the sacral nerves 

Physical examination on admission Patient is 5 feet 10 inches tall and 
weighs only 102 pounds The skin is a little dusky— suggesting pigmenta- 
tion The liver presents a hard, sharp and smooth edge 2 5 inches below 
the costal arch in the mamillary line The tip of the spleen is palpable 
The arteries are somewhat sclerosed Otherwise the findings have no bear- 
ing in this place Wassermann, negative 

Subsequent history He was frequently in trouble from the start with 
headache, slight nausea, drowsiness, backache and a rising acidosis if he 
attempted to move far from his bed or room 

At one time he was given an analyzed diet — containing protein, S5 grams, 
wheat starch, 75 grams (or 100 grams as noted), fat, 170 grams, aggregating 
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(approximately) 2170 Cal In addition to this he received sodium bicarbo- 
nate, 20 grams, and claret, 400 cc per diem 


The findings follow 



1 

a 

H 

55 

O H 

se 

DEXTBOBE 







o 

M 

> 

O 

3 

o ii 

£« 

1 5 o 

Per 

cent 

Total I 

a. 

s 

N 

Q 

z 

Q 

23 ' 

' As stated above 

pounds 

105 


1025 

2 43 


4 4 

13 4 

85 

22 

24 

Same 


4425 

1027 

2 53 

in 

3 5 

18 6 

77 

19 

25 

| Same except starch 
made to 100 gm 

105 

4725 

1025 

2 82 

133 

3 6 


78 

f 7 

27 

Same as on 25 



1025 

2 93 

133 

7 5 

18 9 

77 

1 7 

28 

Interrupted 

105 j 


1026 



8 1 





_ Urinary glucose X 100 

(Urinary N X 3 65) -f- carbohydrate ingested 

D _ Urinary glucose — carbohydrate ingested 
N Urinary N 

On the 26th he ran a slight temperature ascribed to exacerbation of an 
old prostatitis and on the 27th the NH< figure was extreme A fast day was 
therefore interpolated with a simultaneous increase of the wine and alkali 
and addition of opium There was temporary improvement but thereafter 
his condition was always critical and demanded frequent alterations of 
the diet Analysis of the food, etc , was consequently discontinued The 
usual clinical resources were employed He could be held m N equilibrium 
but not without the ingestion of much fat and the appearance of threatening 
symptoms From August 12 to 20, his diet averaged approximately 100 
grams of carbohydrate, 125 grams protein, 200 grams fat, supplemented wit 
wine, 0 5 to 1 liter, and sodium bicarbonate, 15 to 20 grams The routine 
examination of the urine for this period ran as follows 


DAT 

AMOUNT URINE 

| SPECIFIC QBAYITT 

GLUCOSE 

NH« 

12 

3950 

1019 

71 

2 8 

13 

3000 

1 1026 

108 

1 9 

14 

3800 

, 1026 

159 

1 9 

15 

4325 

■ 1029 

164 

2 4 

16 

3500 

; 1026 

108 

2 3 

17 

3800 

I 1030 

144 

2 5 

18 

3425 

| 1030 

145 

Z o 

19 

1 4300 

1032 

168 

6 U 

20 

4450 

' 1030 

1 

165 
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Assuming the daily average carbohydrate ingestion to have been 100 
grams and the average urinary N to have been 20 grams (which cannot be 
far from what occurred) the Q for the last nine days would have been 77 as 
in the previous period The case represents therefore a “ severe ” but “incom- 
plete” diabetes 

Autopsy Performed four hours after death Body still warm The 
liver and pancreas show the typical sclerosis and brick-red parenchyma of 
“bronze diabetes " Psoas muscle taken for analysis was kept four hours 
in a warm place, then handled as usual 

Total anhydrous ZntfiiHiOi) per 100 grams muscle, 0 077 gram 


SUMMARY 

Muscles of glycogen-free animals form some sarcolactic acid 
(about 30 per cent of the normal) This lactic acid cannot come 
from glycogen but must arise from preformed sugar, or directly 
from certain ammo- or fatty-acids The muscle of a case of severe 
human diabetes formed even less lactic acid than that of fully 
phlorhizmized dogs This suggests an impaired power to disso- 
ciate glucose on the part of the diabetic muscle since such muscles 
are bathed with an abnormally high quantity of sugar which — 
if available — should yield more lactic acid than is found in the 
muscle of phlorhizin diabetes 

With D N ratios of approximately 3 65 1, post-mortem analy- 
ses of dog muscles and livers show no glycogen With ratios of 2 8 
or 3 0 X this is not necessarily the case, and one cannot assume 
that with a constant D N ratio of 2 8 1 an animal is free of 
glycogen 




ON THE ABSORPTION OF NITROGENOUS PRODUCTS— 
A REPLY TO ABDERHALDEN AND LAMPE 

By OTTO FOLIN and W DENIS 

( From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, April 9, 1913 ) 

Some time ago Abderhalden and Lampe published a paper 1 on the 
absorption of ammo-acids, peptones, etc , which is largely devoted 
to a review and criticism of our experimental results and conclu- 
sions on the same subject 2 

In this paper Abderhalden presents his views as to the nature of 
the problem, the relative merits of the theories m vogue with regard 
to absorption, the difficulties involved, etc , and reviews the bear- 
ing on these questions of his own researches including some new 
experiments which so far as can be judged from the rather sketchy 
description and the protocols, represent qualitative control exper- 
iments of our absorption determinations The results recorded 
we interpret as a very acceptable confirmation of our facts and 
interpretations So far as our work is concerned, however, Abder- 
halden admits that our analytical methods are new, but considers 
the results which we obtained neither new nor particularly illumi- 
nating 

The theory of ammo-acid absorption accompanied by immediate 
deaminization is according to Abderhalden superfluous to discuss 
because it lacks experimental support (Our experiments have 
shown the immediate deaminization hypothesis to be untenable ) 
The theory of ammo-acid absorption and subsequent distribution 
to the different tissues as presented m our papers Abderhalden 
considers not yet proven , m other words, this is still a theory and 
not an estabhshed fact Even as a theory he is inclined to be more 
critical of it than of his own “ Arbeitshypothese ” — the immediate 
regeneration of blood proteins out of the ammo-acids The 

1 Zeitschr / physiol Chem , lxxxi, p 473, 1912 

1 This Journal, \i, p 87, 1912, xn, p 141 1912 


453 



454 Absorption of Nitrogenous Products 

regeneration doctrine, though it too is only a hypothesis and with- 
out a particle of positive experimental evidence m its favor, he 
nevertheless, thinks should be supported until facts have made it 
superfluous (pp 495-fi) Just why this one hypothesis should re- 
ceive the benefit of all remaining doubts he does not make clear, 
but since he still takes that position others, hke ourselves, feel 
justified m referring to him as the chief exponent and defender of 
it The fact that he m “ 1912 ” mentioned its weakness from an 
experimental standpoint (Folin made clear its we akn ess in 1905)* 
does not alter the fact that it is still his working hypothesis, though 
perhaps m a modified form If we understand him rightly his 
working hypothesis now is that those ammo-acids which cannot 
be built up mto blood protem may get into the blood as amino- 
acids 

While Abderhalden thus remains avowedly a supporter of the 
immediate regeneration hypothesis as a feature of absorption it 
is clear that his experimental results described m his paper with 
Lampd confirm our findings so far as such qualitative tests can 
confirm them By qualitative tests using 10 cc of blood he b 
now able to demonstrate the presence of ammo-acids in the blood 
at all times and an unmistakable increase m the reaction as a re 
suit of a few minutes’ absorption of any ordinary ammo-acid In 
his earlier work Abderhalden was unable to prove the presence 
of ammo-acids m blood even when he worked with as much as 50 
liters at a time 

Abderhalden’s severely critical attitude toward our results and 
interpretations appears to be a consequence of his bias in another 
dnection To those who for years have recognized that the protem 
regeneration doctrine had only an old teleological reason, based 
on false premises, to support it, and who consequently regarded 
the immediate deaminization theory as more probable and reason- 
able, our facts and interpretations will appear m a different bght 

As for ourselves, we hold that our experimental results transform 
mto a demonstrable fact the theory of ammo-acid absorption 
unaccompanied by immediate deaminization or protein regenera- 
tion We recognize that our facts need verification, and any one 
who will learn to use our quantitative methods can easily repea 
our work 

* Amer Journ of Phystol , nu, p 117, 1905 
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Abderhalden constantly overlooks the quantitative aspect of our 
results as when he says that these have no more significance than 
has the presence of traces of glycerin in the blood in connection 
with the problem of fat absorption, or when he says that we must 
apply his and Lampd’s qualitative “mchrekten Bestimmungen ” 
(p 491) in order to obtain a correct interpretation of our results 
By the help of Abderhalden’s favorite reagent, triketo hydrin 
hydrate, or mn hydrin as he now calls it, we have no doubt that 
additional interesting confirmatory tests may be obtained, and we 
hope that he will contmue to use it, and that he will also apply it 
to the study of the absorption of amino-acids from the stomach 4 
Since there is not any reason direct or indirect, theoretical or experi- 
mental, for assummg that our quantitative results on the absorp- 
tion and distribution of ammo-acids are less vahd than our corre- 
sponding results with urea, creatine and creatinine, we regard the 
quahtative tests demanded by Abderhalden as mterestmg and valu- 
able to be sure, but nevertheless only as merely confirmatory In 
the case of one ammo-acid, tyrosine, we did substitute a quahtative 
test and by its help were able to trace its passage mto the blood 
and muscles, a fact which Abderhalden seems to have overlooked 
In conclusion we think that Abderhalden interpreted somewhat 
unfairly the reservation of the field opened by our technique The 
reservation manifestly referred only to our methods of studying 
the problem, i e , by the help of our new analytical methods And 
it was evidently thus understood by Van Slyke and Meyer, 5 the first 
to brmg out facts which verify our findings Moreover m the paper 
describing the method, only three months later, a reprint of which 
was m Abderhalden’s possession, we revoked the reservation m the 
most unmistakable manner “We hereby expressly revoke our earlier 
reservation of the field of research referred to m those papers by 
means of these methods ” 


4 Comment on Abderhalden’s criticisms on the demonstration of absorp- 
tion from the stomach by Folin and Lyman is superfluous since in a reply to 
London (this Journal, xm, p 389, 1912) that matter was adequately cov- 
ered 

5 This Journal, xn, p 399, 1912 




ON THE TYROSINE CONTENT OF PROTEINS— 

A REPLY TO ABDERHALDEN AND FUCHS 

By OTTO FOLIN and W DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 
(Received for publication, April 9, 1913 ) 

111 a recent paper by Abderhalden and Fuchs,’ entitled “Uber 
den Gehalt der Proteine an 1-Tyrosm und die Genauigkeit der 
Bestimmung dieser Aminosaure” the closing sentence reads as 
follows 

“ Die kolorimetrische Methode von Folin und Denis vermag die 
Bestimmung des Tyrosms durch Krystallisation mcht zu ersetzen, 
well sie auch andere Ammosauren nachweist und infolgedessen zu 
hohe Werte hefert ” 

The statement contained m the above sentence is given as though 
it embodied a conclusion derived from the experimental work de- 
scribed in the paper whereas in point of fact it represents only 
an opinion The only observation recorded by Abderhalden and 
Fuchs m support of that opinion is that tryptophane and a certam 
obscure substance (“oxytryptophan”) which, so far as we know 
no one but Abderhalden has yet observed, also give a slowly de- 
veloping blue color with our tyrosine reagent 

We omitted to apply our color reaction to tryptophane partly 
because we had none on hand and partly because we assumed 
(perhaps incorrectly) that very little tryptophane would survive 
the treatment with boiling mmeral acids which we employed for 
splitting off the tyrosine Further, it is to be noted that the excess 
of tyrosine indicated by our method is no greater in the case of 
casern with 1 5 per cent tryptophane than m the case of zem which 
is supposed to have none For the former we obtamed 6 5 per 
cent as against 4 5 per cent obtamed by E Fischer, for the latter 
our figure is 5 5 per cent as agamst Osborne’s 3 6 per cent 

1 Zeitschr f physiol Chem , lxvxni, p 468, 1913 
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Tyrosine Content of Proteins 


On the strength of Abderhalden’s observation we nevertheless 
concede for the time being at least that our tyrosine figures may 
be somewhat high though there is clearly no reason to believe that 
an adequate explanation of the difference between our figures and 
those recorded in the literature are to be explamed by the presence 
of tryptophane Our comparisons were made with the tyrosine 
figures already in the literature including several of Abderhalden’s 
If Abderhalden and Fuchs have now (for the first time) succeeded 
m working out a method for a quantitative isolation of pure tyro- 
sine, that is a different matter, and when Abderhalden on the basis 
of his new method has published revised figures for the tyrosine 
content of at least some proteins, we shall perhaps know whether 
our figures represent tyrosine or tyrosine plus something else 
Until he has done so, however, we would rather insist thatour tyro- 
sine figures are more nearly correct than those heretofore recorded 
m the literature 



THE INFLUENCE OF BASES UPON THE RATE OF 
OXIDATIONS IN FERTILIZED EGGS 

By JACQUES LOEB and HARDOLPH WASTENEYS 
(From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, April 18, 1913 ) 

1 In a previous paper we have shown that the weak bases 
cause a more rapid and greater increase m the rate of oxidations 
in the unfertilized egg than the strong bases 1 This result differed 
in principle from the results which Warburg obtained while work- 
ing on fertilized eggs 2 He found that NH 4 OH does not increase 
the rate of oxidations in fertilized eggs of Strongylocenirotus lividus 
at Naples, while NaOH does, and since NH 4 OH diffuses into the 
egg while NaOH does not, he concludes from this that the effect 
of OH ions on oxidations is neither determined by their diffusion 
into the egg nor through their reaction with the plasma mem- 
brane, but merely through their presence in the solution surround- 
ing the cell (p 316) This conclusion does not harmonize with 
the results which we obtained with the unfertilized egg, in which 
NH 4 OH influenced the oxidations more strongly than the NaOH 
We therefore made some experiments on fertilized eggs in order to 
clear up if possible this apparent contradiction This seemed suffi- 
ciently important smce it affects not only the theory of fertilization 
but also the problem of the localization of oxidations in the cell 
Warburg only published the results of three determinations of 
the rate of oxidations at three different concentrations of NaOH 
m a mixture of NaCl + KC1 -f- CaCk in that proportion m which 
these salts occur in the sea water His results were as follows 

TABLE I 


Rale of oxidations in fertilized eggs of Strongylocentrolus lividus at Naples 


^NaOH 

1 COEFFICIENT OF OXIDATIONS 


10 _8 n 

1 4 

No segmentation 

io-«n 

! 3 9 

Normal segmentation 

10“’ N 

8 1 

No segmentation 


1 Loeb and Wasteneys this Journal, xiv, p 355, 1913 
J O Warburg Zeilschr f physiol Chem , lxvi, p 305, 1910 
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It seemed of importance to us to ascertain whether indeed the 
rate of oxidations in fertilized eggs mcreased steadily with the 
increase in the concentration of NaOH For this reason experi- 
ments were carried on with th efeililized eggs of Slrongylocenlrotus 
purpuratus m California Of freshly fertilized eggs of one female 
a homogeneous suspension was made and this was divided into 
five equal lots which were then distributed into five different solu- 
tions of NaCl + KC1 -f- CaCl 2 (in the proportion in which these 
salts exist in the sea water) and various quantities of NaOH 
w ere added 


TABLE II 


NATtjnE OF THE SOI DTION 


Neutral NaCl + KC1 + CaCl, 

50 cc NaCl + KC1 + CaCl- + 0 3 cc to NaOH 

50 cc NaCl + KC1 + CaCl + 0 4 cc to NaOH 

50 cc NaCl 4- KC1 + CaCl, + 0 5 cc £r NaOH 

50 cc NaCl + KC1 + CaCl- + 0 0 cc NaOH 


Neutral NaCl + KC1 + CaCl- 
50 cc NaCl + KC1 + CaCl, + 0 7 cc to NaOH 

50 cc NaCl + KC1 + CaCl, + 0 S cc to NaOH 

50 cc NaCl + KC1 + CaCl, + 0 9 cc to NaOH 

50 cc NaCl + KC1 + CaCl, + 1 0 cc & NaOH 


Neutral NaCl + IvCl + CaCl (two determina-1 
tions) / 

50 cc NaCl + KC1 + CaCl, + 1 1 cc to NaOH 

50 cc NaCl + KC1 + CaCl, + 1 2 cc & NaOH 

50 cc NaCl + KCl + CaCl, + 1 3 cc to NaOH 

50 cc NaCl + KCl + CaCl, + 1 4 cc to NaOH 



COEFFICIENT 



CONBUMED 

OF OX1D VltOM 

mgm 


0 44 

1 00 

0 48 

1 03 

0 4S 

1 OS 

0 50 

1 13 

0 52 

1 18 

0 47 

1 00 

0 55 

1 17 

0 71(?) 

1 51 (?) 

0 68 

1 44 

0 73 

1 55 

0 41 


0 43 


0 76 

1 81 

0 81 

1 93 

0 89 

2 12 

0 79 

(eggs 


injured) 

L 

— — 


These results seem to mdicate one point clearly, namely, that 
the addition of 0 5 cc of to NaOH or less to 50 cc of salt solution 
has practically no effect upon the rate of oxidations This experi 
ment was repeated (table III) 

The experiment confirms the result of the preceding series 
addition of 0 4 cc or less of & NaOH to 50 cc of salt solution has 
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no effect upon the rate of oxidations in the fertilized egg, and the 
addition of 0 8 cc of & NaOH has only a very slight effect 

TABLE III 

NATURE OF THE SOLUTION 


Neutral NaCi + KC1 + CaCl 
50 cc NaCl + KOI + CaCl 2 + 01 
SO cc NaCl + KOI + CaCl 2 + 02 
50 cc NaCl + KC1 + CaCl 2 + 04 
50 cc NaCl + KC1 + CaCl +08 

We next tried the effect of another strong base, namely, tetra- 
ethylammonmmhydroxide, on the rate of oxidations in fertilized 
eggs of S purpuralus The following table gives the result 

table iv 

COEFFI 
CIENT OF 
RATE OF 
ONID ATIONB 


1 00 
1 00 
1 00 
1 oo 

The addition of 0 5 cc of ^ N(C 2 H 5 ) 4 OH to 50 cc of salt solu- 
tion does not influence the rate of oxidation m the fertilized eggs 
of S purpuralus The addition of more N(CjH 5 ) 4 OH would inter- 
fere too much with the analytical result and was not undertaken 

2 Weak bases influence the rate of oxidations m the fertilized 
egg of Strongylocentrotus purpuratus but slightly This is shown 
m table V for NH 4 OH and m table VI for methylamine 

This result agrees with the observation of Warburg 

3 We have to explam two groups of facts 

1 The apparent difference m the action of weak and strong 
bases on fertilized eggs 

2 The difference in the reaction of fertilized and unfertilized 
eggs We will take up these questions in succession The fact 


NATURE OF THE SOLUTION 


OTIOEN 

CONSUMED 


Neutral NaCl + KC1 + CaCl 
50 cc NaCl + KC1 + CaCl 2 + 0 2 cc tv N(C 2 H 6 ) 4 OH 

50 cc NaCl + KC1 + CaCl 2 + 0 4 cc fs N(C 2 H t ).OH 

50 cc NaCl + KC1 + CaCl 2 + 0 5 cc & N(C 2 H s )«OH 
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TABLE V 


NATURE OP THE SOLUTION 


, COEFfl 

OXYGEN Cl ENT OP 
CONSUMED RVTE OF 

oxiDvnovs 


Neutral NaCl + KC1 + CaClJ ? 

V b 

50 cc NaCl ~t~ KC1 4- CaCl 4" 0 6 cc 
50 cc NaCl 4" KCl 4- CaCU 4" 1 0 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 1 4 cc 
50 cc NaCl 4" KCl 4* CaCl? 4* 1 6 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 1 8 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 2 0 cc 


Neutral NaCl 4- KC1 4- CaCU 
50 cc NaCl 4- KCl 4 - CaCU 4- 0 1 cc 
50 cc NaCl 4- KC1 4- CaCU 4 - 0 3 cc 
50 cc NaCl 4- KC1 + CaCU 4 - 0 6 cc 
50 cc NaCl 4- KC1 4 - CaCU 4- 1 0 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 1 8 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 2 4 cc 
50 cc NaCl 4- KC1 4- CaCU 4- 3 0 cc 


Tff 


nr 

N 

TJ 

N 

TS 

N 

TiT 


N 

nr 

N 

nr 

N 

nr 

N 

nr 

N 

TS 

N 

nr 

N 

nr 


NH.OH 

NH.OH 

NH.OH 

NH.OH 

NH.OH 

NH.OH 


NH.OH 

NH 4 OH 

NH.OH 

NH.OH 

NH.OH 

NH.OH 

NH.OH 


mom 

0 43 
0 47 
0 66 
0 65 
0 61 
0 59 
0 63 
0 61 


0 55 
0 60 
0 74 
0 69 
0 74 
0 70 
0 72 
0 73 


1 47 
1 44 
1 36 
1 31 
1 40 
1 30 


1 09 
1 3d 
1 2o 
1 3a 
1 27 
131 
1 33 


TABLE VI 


WTUBE OF THE SOLUTION 


OXTOEN 

CONSUMED 


rngm 


Neutral NaCl 4- KC1 4- CaCl 

50 cc NaCl 4- KCl 4- CaCU 4- 0 4 cc 
amine 

50 cc NaCl 4- KC1 4- CaCU 4- 0 6 cc 
amine 

50 cc NaCl 4* KCl 4" GaCU 4" 0 8 cc 
amine 




0 

41 

N 

TS 

methyl- 





0 

46 

N 

TU 

methyl- 





0 

44 ] 

N 

TS 

methyl- 





0 

40 1 

I 


Neutral NaCl 4" KCl + CaCU 

50 cc NaCl 4- KCl 4- CaCl 4- 1 0 cc & methi I- 
aminc 

50 cc NaCl 4- KCl 4- CaCl 4- 1 2 cc -ffi methyl- 
amine 

50 cc NaCl 4- KCl 4- CaCU 4- 1 4 cc j?r methyl- 
amine 


0 42 


0 34 
0 27 
0 26 


I eggs have suf- 
1 fcred consul 
1 erably and 
! increasingly 
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that weak bases have no effect upon the rate of oxidations in 
fertilized eggs of purpuratus finds its explanation m the fact that 
strong bases do not act either except if their concentration is 
above lO- 5 !* If we assume that this effect is due to the concen- 
tration of OH 10 ns it would require a concentration of ^ NH 4 OH 
or more to produce a similar effect, since the degree of dissociation 
of NHiOH is so much lower than that of NaOH Such a concen- 
tration would probably destroy the eggs very rapidly 

It seems very important to point out that we cannot draw any 
conclusion from this experiment upon the seat of normal oxida- 
tions m the egg, since that concentration of NaOH required to 
raise the rate of oxidations in the fertilized egg is injurious We 
ascertained the maximum concentration of NaOH which allows 
the egg to develop normally (m a mixture of NaCl + KC1 + CaCl 2 ) 
and found that it varies somewhat between 0 2 and 0 4 cc of 
tv NaOH to 50 cc of solution The minimal concentration in 
which NaOH increases the rate of oxidations in the fertilized egg 
lies above this limit We are therefore dealing with a kind of 
injurious (etching?) effect of the NaOH, which is probably m no 
way related to the normal processes of oxidations The weaker 
bases do not produce this injurious (etching?) effect m the con- 
centrations in which they can be applied and this accounts for 
the fact that m the fertilized eggs an increase in the rate of oxi- 
dations can apparently only be produced by strong and not by 
weak bases 

The second, and perhaps more interesting question, is, why the 
weak bases influence the rate of oxidations in the unfertilized eggs 
so powerfully while they are absolutely ineffective m the fertilized 
egg There are two possible explanations First, it may be said 
that the bases raise the rate of oxidations m the unfertilized egg 
only indirectly by causing a liquefaction or cytolysis of the cortical 
layer This m itself causes, as was shown by Warburg and con- 
firmed by ourselves, a rise in the rate of oxidations, no matter by 
which means this cytolysis was caused 

It is secondly possible that the cytolysis of the cortical layer by 
bases is the result of oxidation, since the bases do not induce devel- 
opment m the unfertilized egg if the oxidations are suppressed 
If this be true we must assume that the cortical layer contains a 
substance which can be liquefied by bases directly or indirectly 
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sodium hydrate and, after the addition of sodium sulphate and 
some water, was shaken out with ether repeatedly The ether 
was washed several times with sodium carbonate solution and 
evaporated to dryness The residue was very small in am ount, 
not crystalline, it looked like oleic acid It gave no positive tests 
for cholesterol either by Salkowski’s or the Liebermann-Burchard 
method I have repeatedly sought for cholesterol in these eggs 
varying the procedure but I have never been able to find it On 
one occasion when the ovaries were not ripe the fatty residue of 
the ether after repeated sapomfications, both with alkali and acid, 
gave a very famt, transitory green such as cholesterol gives m 
the Liebermann test, and there may have been a very small amount 
of cholesterol present, but no crystals could be obtained In view 
of the fact that the color reaction is probably not specific I am 
doubtful whether there was a trace of cholesterol present or not 
It could not be positively identified It may be mentioned that 
cholesterol in combination as m lanolin gives the Liebermann-Bur- 
chard reaction very strongly 

The same methods applied to the sea-urchin egg gave, as usual, 
a crystalline mass on evaporating the ether after saponification, 
the crystals looked like cholesterol and gave a typical reaction 
of Salkowski I may say that the extract of the whole body of 
the star-fish contains cholesterol in abundance 

Another very interesting peculiarity of the star-fish egg is the 
character of its phosphatide It resembles the jecorm described by 
Drechsel A large quantity of eggs was extracted with hot alcohol 
and ether, the lecithin (?) precipitated from the ether solution m 
the usual way, redissolved in ether (not anhydrous) and reprecipi- 
tated with acetone and the process repeated until it dissolved 
quite clear in the ether and did not settle out a white substance 
when standing in the cold This white substance coming out of 
the ether had a sweet taste, but had no reducing action on Feh- 
ling’s solution either before or after heating with hydrochloric acid 
The phosphatide thus prepared is more hygroscopic than lecithin 
from the brain or eggs It makes unusually beautiful, regular 
mye in forms when shaken with water, and it seems to be toxic 
for sea-urchin eggs It was probably not a pure substance 
contains a large amount of a reducing sugar which, calculate as 
glucose, amounts to 10 51 per cent by weight The nature of 1 
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sugar was not determined, an osazone was prepared, the fermen- 
tation test was indecisive The lecithin itself does not reduce 
Fehhng's solution but only after it has been heated with acid 
I heated it for ten hours with 3 5 per cent HC1 and determined 
the sugar by the reduction of Fehling’s solution according to the 
method of Munson and Walker This phosphatide also contains 
sulphuric acid m an ester form like Koch's sulphatide It con- 
tained in a single analysis 1 19 per cent of sulphur in an oxidized 
form This is in organic combmation The fatty acids are very 
largely oleic, or a similar acid, having an ether-soluble lead salt, 
The analysis of this impure phosphatide resulted as follows 


Glucose (?) 
Fatty acids 
Phosphorus 
Sulphur 


10 51 per cent 
46 16 per cent 
3 57 per cent 
1 19 per cent 


Of the fatty acid approximately 71 35 per cent was recovered 
as oleic (?) acid This phosphatide also contains a considerable 
amount of magnesium, but I did not determine it quantitatively 
I may mention that, of the total ether-soluble portion of the 
alcohol-ether extract of these eggs, the lecithin in one case weighed 
0 6105 gram, the fat, the part not precipitated by acetone, 0 6055 
gram, so that there are about equal quantities of fat and lecithin 


SUMMARY 

Cholesterol is either absent altogether or present in very small 
amount in the star-fish egg It could not be positively found in 
the eggs of Astenas forbesii It is present in considerable quan- 
tities m the sea-urchm egg This difference possibly is correlated 
with the greater sensitiveness to cytolysis of the star-fish egg The 
phosphatide of the star-fish contams about 10 per cent of a re- 
ducing sugar m firm combmation and also sulphuric acid 




THE INFLUENCE OF HYPERTONIC SOLUTION UPON 
THE RATE OF OXIDATIONS IN FERTILIZED 
AND UNFERTILIZED EGGS 

By JACQUES LOEB and HARDOLPH WASTENEYS 
(From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, April 21, 1913 ) 

1 

In a senes of papers published since 1905 one of the writers 
has shown that m the egg of the sea urchin the initiation of normal 
development requires two different agencies The one is needed 
to call forth a typical change in the surface of the egg which re- 
sults in the formation of a more or less typical “fertilization mem- 
brane ” This change causes the egg to segment and if the tem- 
perature is low some of these eggs may reach an early larval stage 
At room temperature, however, the eggs begin to disintegrate 
after artificial membrane formation, as a rule, durmg the first 
cell division These facts prove that the artificial membrane 
formation (eg, by butyric acid) suffices to set the whole machinery 
of cell division and development into motion but that the egg 
is sickly and disintegrates the more rapidly the higher the tempera- 
ture 1 

It was shown by the same author that this disintegration after 
artificial membrane formation is retarded or suppressed if we 
deprive the egg of oxygen or if we retard the rate of oxidations 
in the egg through the addition of a trace of KCN The addition 
of a sufficient amount of chloral hydrate (or probably any other 
narcotic) acts in the same way, although chloral hydrate does not 
lower the rate of oxidations But all these agencies have one 
object in common, namely, that they inhibit the processes of 
nuclear and cell division The disintegration of the unfertilized 

1 Loeb Die chemische Entmcklungserregung des txenschen Eies, Berlin 
1909, The Mechanistic Conception of Life, 1912 
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egg after membrane formation is therefore connected either with 
oxidations or with the nuclear and cell divisions consequent upon 
oxidations We can cure the egg from this disease by one of two 
agencies We either put it for a short time (from 30 to 60 minutes) 
into a neutral hypertonic solution, or we put it for a longer tune 
(about 3 hours) into sea water which is free from oxygen or which 
contains some KCN The former method gives more uniform 
results Such eggs develop into larvae at room temperature 
These results gamed m importance smce it could be shown that 
the developmental effect of the spermatozoon is also due to two 
different agencies, one of which causes merely membrane forma- 
tion while the other produces the corrective effect 1 2 
Warburg had already found that the artificial membrane forma 
tion raises the rate of oxidations in the egg to the same height as 
the entrance of the spermatozoon, as was to be expected and as we 
were able to confirm 3 Smce Loeb had found that the hypertonic 
solution acts only in the presence of free oxygen and that its action 
is suppressed by the addition of a trace of KCjST, it was of interest 
to find out whether or not the hypertonic solution alters the rate of 
oxidations m the egg after artificial membrane formation The 
experiments were made in this way, that the rate of oxidations 
in the eggs, after artificial membrane formation, was determined, 
first in normal sea water and later m hypertonic solution 
These experiments are by no means simple, smce it is necessary 
that all the eggs possess membranes, for we shall see afterwards 
that in unfertilized eggs -without membranes the hypertonic solu- 
tion causes a decided rise in the rate of oxidations 

The unfertilized eggs of one female, Strongylocenlrolus purpur- 
alus, were divided into six equal parts Two remained unaltered 
and served as checks The eggs of two lots were treated with 
butyric acid and all formed membranes One of these lots was 
put mto normal sea water, the other mto hypertonic sea water 
(50 cc sea water + 8 cc t NaCI) such as is used to cause t ie 
eggs to develop normally after artificial membrane formation 
The fifth lot was fertilized with sperm The sixth lot served or 
some other experiment which does not concern us here 
eggs remained in each solution one hour Temperature 18 

1 Loeb !oc at 

J Warburg Zeitschr f physiol Chem , lxvi, p 305, 1910 
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TABLE I 



OXYGEN 

CONSUMED 

COEFFICIENT 
OF OXIDATIONS 

1 Unfertilized eggs in normal sea water (con- 
trol 1) 

mgm 

0 12 

1 00 

2 Unfertilized eggs m normal sea water (con- 
trol 2) 

0 12 

1 00 

3 Unfertilized eggs after membrane formation 
in normal sea water 

0 53 

4 40 

4 Unfertilized eggs after membrane formation 
m hypertonic sea water 

0 54 


5 Fertilized eggs in normal sea water 

0 57 



It is obvious that the hypertonic solution does not increase the 
rate of oxidations in the unfertilized eggs after artificial membrane 
formation Table II gives the result of a second experiment of 
the same kind Temperature 15°C 


TABLE II 



OXYGEN 
CONSUMED 
PER HOUR 

COEFFICIENT 
OF OXIDATIONS 

1 Unfertilized eggs in normal sea water 

mgm 

0 18 

1 00 

2 Unfertilized eggs after membrane formation 
in normal Bea water 

0 85 

4 72 

3 Unfertilized eggs after membrane formation 
in hypertonic sea water 

0 88 

4 88 

4 Fertilized eggs in normal sea water 

0 82 

4 55 


The result is identical with that m table I Membrane forma- 
tion raises the rate of oxidations to the same height as fertilization, 
but the subsequent treatment of these eggs with the hypertonic 
solution has no effect upon the rate of oxidations This experiment 
was repeated three times with the same results as shown in Table 
III The oxygen consumption is always for one hour at 18°C 
All these experiments prove conclusively that the curative effect 
of the hypertonic solution after the artificial membrane formation 
is not due to an increase in the rate of oxidations in the egg It 
cannot be said, however, that it is mdependent of oxidations, 
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TABLE III 


NUMBER OF 
EXPERIMENT 


OXYOEN 
CONSUMED 
PEn HOUR 

COEFFICIENT 
OF OXIDATIONS 

1 

Unfertilized eggs after membrane 
formation in normal sea water 

mgm 

0 83 

1 00 


Unfertilized eggs after membrane 
formation in hypertonic sea water 

0 74 

0 90 

2 

Unfertilized eggs after membrane 
formation in normal sea water » 

0 52 

1 00 


Unfertilized eggs after membrane 
formation m hypertonic sea water 

0 54 

1 04 

3 

Unfertilized eggs after membrane 
formation in normal sea water 

0 74 

1 00 


Unfertilized eggs after membrane 
formation in hypertonic sea water 

0 70 

0 90 


since the curative effect of the hypertonic solution is retarded or 
suppressed if the oxidations in the egg are suppressed Loeb 
formerly suggested that through the exposure to the hypertonic 
solution an oxidation product is formed in the egg whereby the 
latter is saved from the threatening disintegration It may be 
that an injurious substance contained in the egg after membrane 
formation is destroyed or that a new substance lacking in the egg 
is supphed The same curative effect can be produced more 
slowly through other processes in the egg which take place m the 
absence of oxygen 

II THE INFLUENCE OF HYPERTONIC SOLUTIONS UPON THE RATE 
OF OXIDATIONS IN FERTILIZED EGGS 

Since the unfertilized egg after artificial membrane formation 
behaves in regard to oxidations hke a fertilized egg, it was of inter- 
est to find out whether or not the hypertonic solution accelerates 
the rate of oxidations in eggs fertihzed by sperm 0 Warburg 
states that this is the case, and that the increase may be 300 per 
cent 4 We absolutely failed to notice any increase in the rate o 
oxidations when the eggs of S purpuralus were put mto hypertonic 
sea water, no matter how great the degree of hypertowcity n 

* Warburg Zeitschr f physiol Chem lx, p 442, 1909 
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part of the experiments, 1-3, the rate of oxidations was successively 
measured in the same eggs for one and a half hours in normal sea 
water, and then for one hour m the hypertonic sea water In 
the experiments 4-7 the eggs of the same female were divided into 
eight equal parts, four of these were put into normal sea water, 
the others into hypertonic sea water of different concentrations 
This experiment may incidentally also serve as a check for the ac- 
curacy of the method 

The temperature was 18°C and the consumption of oxygen 
measured for one and 5 half hours Table IV gives the results 

There can be no doubt about the fact that the hypertonic solu- 
tion does not increase the rate of oxidations in the fertilized egg of 
Sti ongylocentrotus purpuiatus This harmomzes with our previous 


TABLE IV 


IS UMBER OF 
EXPERIMENT 

i 

1 0X1 QEN 

CONSUMED 

COEFFICIENT 
| OF RVTE 

OF OXIDATIONS 

1 

Fertilized eggs in normal sea water 

mgm 

I 0 87 

1 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 8 cc NaCl 

' 0 86 

0 99 

2 

Fertilized eggs in normal sea water 

| 0 60 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 8 cc ~ NaCl 

| 0 52 

0 87 

3 

Fertilized eggs in normal sea water 

! 0 55 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 8 cc NaCl 

J 

I 0 59 

1 07 

4 

Fertilized eggs m normal sea water 

1 30 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 4 cc NaCl 

1 27 

0 98 

5 

Fertilized eggs in normal sea water 

1 30 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 12 cc NaCl 

1 54 

1 20 

6 

Fertilized eggs in normal sea water | 

1 33 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 12 cc 4jp NaCl 

1 53 

1 20 

7 

Fertilized egg3 in normal sea water j 

t 1 33 

1 00 


Fertilized eggs in 50 cc normal sea 
water + 16 cc -4r- NaCl 

1 57 

1 20 
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result that the hypertonic solution does not increase the rate of 
oxidations in unfertilized eggs of the same species after artificial 
membrane formation, since the membrane formation is the es- 
sential feature m the causation of development by sperm or by 
artificial means 

nr 

The fact that a hypertonic solution does not increase the rate of 
oxidations in the unfertilized eggs after artificial membrane 
formation seems at first sight to contradict an observation 
made by Warburg at Naples, that the hypertonic solution raised 
the rate of oxidations in unfertilized eggs (which have not been 
submitted to the process of membrane formation) Warburg 
found that the hypertonic solution raises the rate of oxidations 
in such eggs as much as ten times 5 We repeated these experi- 
ments on the eggs of Strongylocentrotus purpuratus at Pacific 
Grove, and were able to confirm Warburg’s results although the 
rise in the rate of oxidations was much smaller than that observed 
m his experiments In our experiments the rate of oxidations 
was first determined for one and a half hours m normal sea water 
and then for one and a half hours in hypertonic sea water Table 
V on the following page gives the results The temperature 
was 18°C 

It should be pointed out that experiments 2 and 3, and 4 and 5, 
are made on equal lots of eggs The results may serve as a check 
for the accuracy of the method 

The question arises Why is it that the hypertonic solution 
causes a rise in the rate of oxidations m the unfertilized egg with- 
out membrane formation, while it has no such effect on the same 
eggs after membrane formation 7 The answer is that the hyper- 
tome solution can cause the membrane formation and that it only 
raises the rate of oxidations in those eggs m which it causes 
membrane formation In Loeb’s original method of causing 
artificial parthenogenesis by merely puttmg the eggs into a hyper- 
tonic solution, the hypertonic solution had two kinds of effects 
it caused first the membrane formation (or the formation of a 
gelatinous surface film) and at the same time furnished the cura- 
tive effect 

s Warburg Zeitschr f physiol Chem , lx, p 443, 1909 
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TABLE V 


NUMBER OF 
EXPERIMENT 

UNFERTILIZED EOGS ITHOUT MEMBRANES IN 

OXYGEN 

CONSUMED 

COEFFICIENT 
OF RATE 
OFOXID VTI0X8 

t 

1 i 

Normal sea water 

mgm 

0 45 

1 00 

i 

i 

Hypertonic (50 cc sea water -j- 4 cc 
~ NaCl) 

0 65 

1 40 

2 

Normal sea water 

0 50 

1 00 


Hypertonic (50 cc sea water + 6 cc 
NaCl) 

0 92 

1 80 

3 

Normal sea water 

0 49 

1 00 


Hypertonic (50 cc sea water -f 6 cc 
^ NaCl) 

i 

0 84 

1 70 

4 

Normal sea water 

0 33 

1 00 


Hypertonic (50 cc sea water + 6 cc 
-f - NaCl) 

0 73 

2 20 

5 

Normal sea water 

0 35 

1 00 


Hypertonic (50 cc sea water + 8 cc 
NaCl) 

1 

0 73 i 

2 50 

6 

Normal sea water 

0 46 

1 00 


Hypertonic (50 cc sea water + 8 cc 
NaCl) 

1 19 

2 60 

7 

Normal sea water 

0 48 

1 00 


Hypertonic (50 cc sea water + 9 cc 
~ NaCl) 

1 23 

2 60 

8 

Normal sea water 

0 29 

1 00 


Hypertonic (50 cc sea water + 9 cc 
~ NaCl) 

0 90 

3 10 

9 

Normal sea water 

0 30 

1 00 


Hypertonic (50 cc sea water + 9 cc 
-f- NaCl) 

0 67 

2 20 

10 

Normal sea water 

0 56 

1 00 


Hypertonic (50 cc sea water + 12 
cc -^5- NaCl) 

1 29 

2 30 

11 

Normal sea water 

0 38 

1 00 


Hypertonic (50 cc sea water + 16 
cc NaCl) 

0 97 

2 60 
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That the hypertonic solution can cause a cytolytic effect upon 
the cortical layer of the egg was shown by experiments on the eggs 
of Loitia (a mollusc) whose chonon can be liquefied by hypertonic 
solutions as well as by bases, if free oxygen is present 6 

That the two agencies, the membrane-forming and the correc- 
tive one, can act simultaneously is not surprising The same fact 
can be shown for bases It is immaterial whether the base is 
applied first and is then followed by the corrective action of the 
hypertonic solution or whether both agencies are applied simul- 
tanebusly 

In our experiments the effect of the hypertonic solution upon 
oxidations was smaller than that caused by membrane formation 
with butyric acid In the latter case, the rate of oxidations was 
raised from four to six times, while the hypertonic solution, when 
acting upon unfertilized eggs without membrane formation, raised 
the rate as a rule to not more than two and one-half and at the 
utmost three times the amount observed in the same eggs in nor- 
mal sea water Thfs difference can be accounted for either by 
the fact that an exposure of one and a half hours of the eggs of 
S purpuratus to hypertonic sea water as a rule does not suffice to 
bring about membrane formation and development, or by the 
fact that these experiments were made early in the season when 
fertilization did not raise the rate of oxidations as much as it 
did later in the season 

We repeated these experiments Jater m the season to find out 
whether the rate of oxidations would increase if the eggs remained 
a longer time in the hypertonic sea water The temperature was 
18°C The consumption of oxygen was determined for each hour 


TABLE VL 


UNFERTILIZED EGGS IN 

OXYGEN 

CONSUMED 

COEFFICIENT 
OF BATE OF 
OXIDATIONS 

Normal sea water 

Hypertonic sea water, 1st hour 

Hypertonic sea water, 2d hour 

Hypertonic sea water, 3d hour 

Hypertonic sea water, 4th hour 

Hypertonic sea water, 5th hour 

mgm 

0 16 

0 67 

0 79 

0 64 

0 56 

0 51 

1 00 

4 18 

4 94 

4 00 

3 55 

3 18 


a Loeb Umv of Calif Publ Physiol , m, 1905 
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A repetition 'of the experiment gave a similar result In this 
case the hypertonic solution had the same effect upon the rate of 
oxidations as fertilization or membrane formation It may also 
be that by chance we are dealing in this case with the eggs of 
a female which were very susceptible to the treatment with hyper- 
tome solution while m the previous experiments the eggs had been 
more or less refractory As we stated, not the eggs of every 
female of purpuratus develop if treated with hypertonic sea water 
These results support also the idea that the nse m the rate of 
oxidations is due to the membrane-formmg action of the hyper- 
tonic solution, which of course takes place during the first two 
hours We see that the maximal increase m the rate of oxidations 
takes place durmg that time 


rv 

If it is true that the mcrease m the rate of oxidations observed 
m these cases is merely due to the membrane-formmg effect of the 
hypertonic solution, we should expect that if we add a weak base 
to the hypertonic solution, the increase m the rate of oxidations 
should be no greater than that caused by the weak base alone, 
the reason being that the weak base alone causes the membrane 
formation 7 This reasoning is supported by facts The rate of 
oxidations was compared m unfertilized eggs (without membranes) 
m alkaline sea water and hypertonic sea water to which the same 
amount of base had been added The hypertonic sea water 
consisted of 50 cc sea water + 8 cc NaCl + KC1 + CaCl 2 
The eggs were distributed into equal portions One-half was put 
mto 50 cc of sea water + 1 cc of the base, the other half of the 
eggs was first put mto normal sea water and then mto 50 cc of 
hypertonic sea water + 1 cc of the same base Time of exposure 
one and a half hours, temperature 18°C 


7 Loeb Journ of Exp Zoology, xni, p 577, 1912 
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TABLE VII 



NUMBER OF 
EXPERIMENT 

UNFERTILIZED EQG8 (WITHOUT MEM- 
BRANES) IN 

OXYOEN 

CONSUMED 

COEFFICIENT 
OF RATE OF 
OXIDATION8 


1 

tngm 


1 

Normal sea water 

50 cc hypertonic sea water -j- 1 cc 1 

0 22 

1 00 


•ft NH.OH | 

50 cc normal sea water + 1 ec ftl 

1 20 

5 40 


NH4OH 

0 88 

4 00 

2 

Normal sea water 

50 cc hypertonic sea water 4- 1 cc 

0 37 

1 00 


ft benzylamme 

50 cc normal sea water + 1 cc ft 

1 89 

5 10 


benzylamme 1 

1 75 

4 70 

3 

Normal sea water 

50 cc hypertonic sea water + 1 cc 

0 36 

1 00 


ft butylamine ' 

50 cc normal sea water + 1 cc ft 1 

1 73 

4 80 


butylamine 

1 67 

4 60 


It is obvious that the weak base alone raised the rate of oxida- 
tions practically to the same height as the combination of base and 
hypertonic sea water The whole rise was due to the membrane- 
forming effect for which the weak base was sufficient 
In the case of a strong base, the result may be different, since 
neither the base nor the hypertonic solution alone may cause mem- 
brane formation (or the change in the cortical layer of the egg) 
necessary for development The following may serve as an ex- 
ample Duration of experiment one and a half hours, tem- 
perature 18°C 

TABLE VUX 

UNFERTILIZED EGGS (WITHOUT MEMBRANE 
FORMATION) IN 

Normal sea water 

50 cc hypertonic sea water + 1 cc ft NaOH 
50 cc normal sea water + 1 cc ft NaOH 

In this case the NaOH had little effect and hence the hyp6 r 
tonicity caused a noticeable increase in the rate since it proba y 
increased the number of eggs m which the process of mem rane 
formation was started 


coefiicient 
OXYGEN Qp bate of 

CONSUMED OXIDATIONS 

I tngm 

0 41 1 00 

0 SI 2 00 

i 0 46 1 20 
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y 

Finallj , we wish to report an experiment which does not strictly 
belong here but which shows that the mere cytolysis of the cortical 
layer is responsible for the increase in the rate of oxidations ob- 
served after membrane formation either by a spermatozoon or 
by butyric acid It is possible to cause complete cytolysis of the 
unfertilized egg of S purpuratus with saponin and we found that 
this increases the r<*te of oxidations to the same extent as fertili- 
zation b3 r sperm The following may serve as an example Unfer- 
tilized eggs of <S puipuratus were used, temperature 15°C 


TABLE IX 



OXYGEN 
CONSUMED 
PEE HOUR 

COEFFICIENT 

OF RATE OF 
OXIDATIONS 


mgm 


Unfertilized eggs 

0 15 

1 00 

The same eggs after cytolysis with saponin 

1 07 

7 10 

Unfertilized eggs 

0 22 

1 00 

The same eggs after cytolysis with saponin 

0 80 

3 B0 


The variation in the effect of cytolysis m the two experiments 
maj be due to the fact that in the second experiment an exces- 
sive amount of saponin was used 
This experiment proves that the increase in the rate of oxida- 
tions due to fertilization or artificial membrane formation is merely 
caused by the cytolysis of the cortical layer 

VI THEORETICAL REMARKS 

It seems that all the experiments point very clearly towards one 
conclusion, namely, that the hypertonic solution raises the rate 
of oxidations m the unfertilized eggs of <S purpuratus only under 
one condition, z e , if it causes the change at the surface of the 
egg underlying membrane formation In eggs which have under- 
gone the process of membrane formation either by fertilization 
or b\ a treatment with butyric acid, the hypertonic solution 
causes no further increase in the rate of oxidations 
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SUMMARY 

1 The unfertilized eggs of sea urchins which have undergone 
artificial membrane formation die if not treated with a hypertonic 
solution It is shown in these experiments that the rate of oxida- 
tions m such eggs is not increased by the hypertonic solution 

2 It is shown that the hypertonic solution does not cause an 
increase m the rate of oxidations of fertilized eggs of Strongylo- 
centrolics purpuralus 

3 Hypertonic solutions increase the rate of oxidations in unfer- 
tilized eggs which have not undergone the process of membrane 
formation, as Warburg observed This increase is purely due to 
the fact that the hypertonic solution mduces the change m the 
cortical layer of the egg which leads to membrane formation 

4 This conclusion is supported by the fact shown in this paper, 
that the addition of a weak base to normal sea water, which causes 
development (or membrane formation) increases the rate of oxida- 
tions m unfertilized eggs to the same amount as if it were added 
to hypertonic sea water Since m this case the membrane-formmg 
effect can be produced by the base alone the addition of the hyper- 
tonic solution can add nothing to the effect 

5 Complete cytolysis of the unfertilized egg by saponin raises 
the rate of oxidations to the same height as fertilization, thus 
showing that the cytolysis of the cortical layer of the egg is the 
essential feature in fertilization 
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GLIADIN 

Kossel and Kutscher 2 failed to find any lysine in the alcohol- 
soluble proteins of maize or wheat flour, and their experience has 
been confirmed by others 3 It has since been generally assumed 
that alcohol-soluble proteins lack the lysine complex, and con- 
sequently gliadm and zein have been used in experiments, fiom 
the outcome of which conclusions have been drawn respecting the 
part played by lysine m nutrition, especially in connection with 
the synthesis of amino-acids by the animal organism 4 Observa- 
tions have been recorded, however, which have shown that prep- 
arations of gliadm may sometimes yield lysine Thus Abderhalden 
and Funk 5 in discussing Henriques’ experiments state that unless 
gliadm preparations are very carefully purified they always yield 
small amounts of lysine They do not, however, say how they 
detected the lysine nor how the preparations should be purified 

Van Slyke 6 by aid of his method for determining the distribu- 
tion of nitrogen in proteins found m gliadm a quantity of nitrogen 

1 The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 

ington 

3 Kossel and Kutscher Zetlschr f physiol Chem , xxxi, p 165, 1900 

5 Abderhalden and Samuely ibid , xhv, p 276, 1905, Osborne and Clapp 
Amer Journ of Physiol , xvii, p 231, 1906, Ackennann Zeilschr f physiol 
Chem , lxiv, p 91, 1910 

4 Michaud Zeitschr f physiol Chem , li\, p 405, 1909, Henriques ibid , 

lx, p 105, 1909, Osborne and Mendel this Journal, xu, p 473, 1912 

6 Abderhalden and Funk Zeilschr f physiol Chem , lx, p 418 1909 

8 Van Slyke this Journal, x p 15, 1911 
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in the lysine fraction corresponding to 0 75 per cent of lysine He 
considers this small amount to fall within the limit of experimen- 
tal error and that it is not to be regarded as contradictory to the 
negative results of previous authors Kossel and Gawnlow 7 found 
that 0 8-0 4 per cent of the total nitrogen of hordem, equal to 
about 2 per cent of lysine, reacts with formaldehyde, whereas none 
of the nitrogen of zein reacts therewith This observation shows 
that hordem may contain a small proportion of lysine, for there 
is reason to believe that lysine furnishes the only free ammo groups 
present in most proteins 

In a recent paper 3 from this laboratory attention was called to 
the fact that a preparation of gliadm, which had been made with 
care, and was supposedly as pure as preparations of this protein 
can reasonably be made, yielded a very small amount of lysine 
when hydrolyzed by long boiling with sulphuric acid The ques- 
tion was then left open whether this lysine originated from a 
contammation of the preparation or from the gliadm itself 

Since it has become a matter of importance to know whether 
or not gliadm prepared by the usual methods is wholly free from 
lysine we have subjected the preparation previously examined to 
a rigid fractional precipitation from alcoholic solution, and have 
again detected lysine m each of the extreme fractions, and in 
approximately the same proportion as that previously found m 
the original preparation No evidence was secured which indi- 
cated the presence of glutenin, or any other protein in this prep- 
aration, and as the same relatively very high proportion of nitrogen 
as ammonia, and low proportion of basic nitrogen, which char- 
acterize gliadm, were found in the two extreme fractions and in 
the origmal preparation we are inclined to thmk that this prep- 
aration contained no other protein than ghadm, and that gha n 
does in fact yield so little lysme that its presence in purified prep- 
arations has heretofore escaped detection by the usual met 0 
of analysis The amount of lysme m the origmal preparation was 
so small that m following Kossel’s method no precipitate was 
found when the alcoholic solution of picric acid was added to e 
properly concentrated alcoholic solution of the ammo-aci s pre 

7 Kosael and Gawnlow Zeilschr f physiol Chem , lxxxi, P 27 ^< 

•Osborne and Mendel this Journal, xu, p 473, 1912 
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cipitated by phosphotungsfcic acid, after the arginine and histidine 
had been precipitated by silver nitrate and baryta 

By allowing the alcoholic solution containing the picric acid to 
evaporate slowly a semi-crystalline residue remained which was 
extracted with alcohol The part which was not dissolved was 
recrystalhzed from water, yielding a product which appeared m all 
respects like lysine picrate This darkened on heating at about 
225° and exploded at 256° in the manner characteristic of lysine 
picrate When mixed with pure lysine picrate the "behavior on 
heating was unchanged The nitrogen content found by digesting 
with sulphuric and salicylic acids and zinc dust, and then boiling 
for several hours, was 18 34 per cent Calculated for lysine picrate, 
18 68 per cent 

Since large quantities of alcohol were used in extracting the 
wheat gluten, from which this ghadm was obtamed, it was possible 
that the lysine thus found came from a contamination with glutenin 
or some other protein present in the original gluten If this were 
so the greater part of such contamination should appear as an 
insoluble residue when the preparation was dissolved again m a 
limited quantity of 70 per cent alcohol We accordingly treated 
500 grams of the gliadin with 2500 cc of 70 per cent (by volume) 
alcohol and obtained a slightly turbid solution which on long 
standing deposited a very small amount of insoluble matter By 
repeatedly washing this sediment by decantation with 70 per cent 
alcohol only an insignificant quantity remained, from which we 
conclude that this preparation of ghadm contained, at the most, 
but traces of glutemn, or other protem insoluble m dilute alcohol 

The somewhat opalescent alcoholic solution deposited nothing 
more on standing or centrifugalization, and became perfectly clear 
on warming slightly In order to find whether or not this solu- 
tion could be separated by fractional precipitation into products 
indicating the presence of two or more proteins, of which one 
might contam the lysme, we treated the solution as follows 

The entire solution, of 3 liters’ volume, was mixed with 3 liters 
of 80 per cent alcohol, by pouring the two simultaneously into a 
large jar, and stirring rapidly during the mixing, so as to avoid 
precipitating any ghadm by locally raising the concentration of 
the alcohol above 75 per cent through imperfect mixing A turbid 
solution resulted which showed no sign of a precipitate This 
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solution was then mixed, in the same way, with 6 liters of 85 per 
cent alcohol, whereupon a flocculent precipitate separated from 
the solution, now containing 80 per cent of alcohol After stirring 
violently the precipitate separated in flocks and soon settled, leav- 
ing the solution nearly clear In this way any fraction less soluble 
m the more concentrated alcohol should be separated from that 
soluble therein, for the increased volume of the stronger alcohol 
could be expected to keep the latter in solution 

After the precipitate had settled it became coherent, where 
upon the nearly clear solution was decanted very completely The 
precipitate was then treated with about 1500 cc of 80 per cent 
alcohol, by which little of it was dissolved It was thereby con- 
verted into a voluminous, snow-white, flocculent substance which 
differed in its physical character from the gliadin precipitates 
usually obtained by pouring gliadin solutions into strong alcohol 
This was separated from the 80 per cent alcoholic washings by 
centrifugahzation, suspended in 80 per cent alcohol and then left 
for about forty hours to settle The colloidal suspension which 
remained was treated with a few drops of a solution of ammonium 
acetate, dissolved in 80 per cent alcohol, which caused a practically 
complete separation, leaving the alcohol nearly clear, and rendered 
the precipitate glutinous The precipitate was then extracted with 
70 per cent alcohol, the undissolved residue centrifugated out, 
dehydrated by absolute alcohol, and dried over sulphuric acid 
This product, A, which weighed 55 grams, should contain what- 
ever glutenin was present in the original preparation, any ghadm 
that had been altered and rendered less soluble by the processes 
employed in making the original preparation, any contaminating 
protein sparingly soluble in strong alcohol, or, if gliadin is a mix- 
ture of proteins, as some have supposed, more or less of any con- 
stituent of such a mixture which was less soluble in stronger alcohol 
than the rest 

The 12 liters of §0 per cent alcohol, from which A had been 
separated, after standing several days, gradually yielded a sma , 
semi-fluid, transparent deposit from which the solution was e- 
canted This deposit was dissolved completely ancl readily y 
cold 70 per cent alcohol, its solution united with that obtame 
by digesting A with 70 per cent alcohol, concentrated to a syrup 
on a steam bath, and then poured into a large volume of abso u 
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alcohol The resulting precipitate, after digesting with absolute 
alcohol and ether, was freed from the latter in a desiccator over 
sulphuric acid This fraction, B, weighed 38 grams 

The 12 liters of 80 per cent alcoholic solution, together with 
the washings of the same strength of alcohol, 3 liters, were united, 
concentrated in a vacuum to about 1500 cc and then on a steam 
bath to a syrup which was finally poured into a large volume of 
absolute alcohol The precipitate thus produced was dehydrated 
by digesting with absolute alcohol, washed with ether, and freed 
from alcohol and ether in a desiccator over sulphuric acid This 
fraction, C, weighed 298 grams 

The original ghadm preparation was thus divided into three 
fractions, A, insoluble m 70 per cent alcohol, B, insoluble m 80 
per cent alcohol but soluble m 70 per cent, and C, soluble in 80 
per cent alcohol 

In order to detect differences between the extreme fractions A 
and C, the following analytical data were secured which are given 
as per cent of the protein 


PREPARA 

TION 


NH, N 

| BASIC N ; 

VROlVlNE 

| HISTIDINE 

j LYSINE 

T\ ROSIN r 

A 

1 

4 66 

0 76 

2 4S 

j 1 43 

1 0 15 

1 39 


1 II 

4 66 

0 76 

2 43 

; 1 44 



C 1 

I 

4 39 

1 01 

2 92 

1 1 49 

0 07 

1 50 

I 

II 

4 39 | 

1 01 

2 90 I 

1 4S 



Original { 

I 



2 67 ] 

1 63 

0 16 

1 54 

1 

11 1 

: 


2 78 j 

1 49 


1 68 


From fractions A and C lysine was isolated in the same way as 
from the original preparation No precipitate of lysine picrate 
was obtained by adding an alcoholic solution of picric acid to the 
suitably concentrated alcohohc solution of the ammo-acids pre- 
cipitated by phosphotungstic acid, and it was only by persistent 
effort that any lysine picrate was obtained from either solution 
The identity of the picrate was established by the decomposition 
point, which was unchanged on mixing with pure lysine picrate, 
and also by the nitrogen content 
If the probable limits of accuracy of the methods employed in 
making the above determinations are considered, the results 
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obtained afford no basis for concluding that the original prep- 
aration has been separated into two chemically different parts 
The only difference worthy of consideration is that between the 
ammonia nitrogen of A and C This difference is distinctly beyond 
the limits of the analytical method, but it must be recalled that 
a little ammonium acetate solution was used to cause the colloidal 
suspension of A to separate from the final 80 per cent alcoholic 
wash solution It is consequently not improbable that some 
ammonia was combined with, or adsorbed by, the protein and 
thus contributed to the higher result of this determination 

It is thus evident that the lysme found m the original prepara- 
tion did not come from a conta min ation with glutenin, for this 
protein contains less ammonia nitrogen, and more basic nitrogen 
and also more arginine than either of the fractions A or C 

It is also to be noted that lysme was found m both A and C 
and smce no importance can be attached to the small difference 
between the quantities found we have no evidence that the original 
preparation consisted of a lysine-yielding and a lysme-free protein 
The fact that the original preparation of gliadm was separated 
into three fractions which differed m solubility m alcohol of \anous 
strengths might be considered as evidence of the presence of more 
than one protein m the original preparation Such evidence, how- 
ever, has no force, for, m the process of isolation, nearly all pro- 
teins are liable to shght alterations whereby more or less of them 
is converted into insoluble products Furthermore, preparations 
of proteins made by the only methods now available consist to a 
greater or less extent of salts of these proteins which differ in 
solubility from the free protein, as well as from one another Such 
differences as here appear cannot, therefore, be accepted as good 
evidence of the presence of more than one protein in the -original 
preparation of gliadm 

The discovery of this small proportion of lysme m these prep- 
arations of gliadm shows how cautious we must be in concluding 
that any ammo-acid is wholly lacking among the products o 
hydrolysis of a protein when the only evidence for such a con- 
clusion is based on the failure to isolate it by direct crystallization 
either m the free state or as a crystalline compound with an 
added reagent 
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ZEIN 

Having thus found lysine in a supposedly pure preparation of 
gliadin we made a careful examination of zein employing the same 
method for obtaining traces of lysine picrate which had proved 
successful with gliadm Our long-contmued and persistent efforts 
resulted only m crystalline picrates which decomposed at 272° and 
proved to be sodium picrate No trace of lysine picrate was found 
The sodium was derived from traces of this base in the large quan- 
tities of phosphotungstic acid and baryta used in the analysis 
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It has long been recognized that the rate of body metabolism 
is intensified m the various febrile diseases, resulting m an increased 
elimination of the nitrogenous waste products m the urine The 
stud} of the urine under these conditions has been of considerable 
sen ice m the interpretation of intermediary processes which take 
place in the bodydurmg this disturbed state Metabolism m fever, 
especially in typhoid fever and pneumonia, has recently received 
extensive consideration at the hands of a number of investigators, 
viz , van Hoogenhuyze and Verploegh , 1 Klercker , 2 Ewing and 
'Wolf , 3 Shaffer and Coleman , 4 and Wolf and Lambert 5 

That the elimination of total nitrogen and of its chief constituent, 
urea nitrogen, paralleled the rise m body temperature m various 
acute infections was noted long ago The excretion of ammonia 
n as found to be increased by some of the older investigators, though 
its excretion as determined with more reliable methods would 
indicate that the ammonia is not ordinarily greatly increased in 
fe\ er, and further, that acidosis is not a prominent feature of this 
condition Uric acid has quite generally been found to be in- 
creased during the height of fever, followed usually by a decline 
with the fall m temperature Fever was likewise claimed by the 
older observers to increase the elimination of creatinine, though 

1 van Hoogenhuyze and Verploegh Zeitschr f physiol Chem , Ivn, p 
101, 190S 

- Ivlercker Zeitschr f him Med , lxvm, p 22, 1909 
5 Ewing and Wolf Arch of Int Med , iv, p 330, 1909 
* Shaffer and Coleman ibid , iv, p 538, 1909 
5 Wolf and Lambert ibid , v, p 406, 1910 
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the data on this point can hardly be regarded as conclusive, owing 
to the unreliability of the methods available 
Since Folrn 5 with his colorimetric method first demonstrated 
the absolute constancy in the e limina tion of creatinine by normal 
individuals under a 'variety of dietary conditions, this nitrogenous 
urinary constituent, which stands next to urea in pomt of quantity, 
has been a subject of study at the hands of numerous investigators 
A lowered creatinine output has been observed to be associated 
with a variety of diseases, 7 but the only condition which has been 
found to be accompanied by an immediate change in the elimina- 
tion of creatinine is fever, and here the excretion of this constituent 
is increased, the amount of the increase apparently bearing a close 
relationship to the rise m body temperature van Hoogenhuyze 
and Verploegh 3 claim to have observed a slightly increased elimi- 
nation of creatinine after stimulation with syrup of cola and strych- 
nine, and a slight decrease after potassium bromide and absolute 
rest The changes they observed were very slight and in no way 
comparable to the greatly increased elimination during lever 
In view of the lack of knowledge with regard to the origin of crea 
tinine, the increased excretion brought about by fever is of particu- 
lar interest 

This rise m creatinine elimination during fever appears to have 
been first observed by Leathes 9 after the production of a hyper- 
pyrexia m normal subjects by the use of antityphoid vaccine 
He found that the curve of the creatinine elimination followed both 
the temperature and the total nitrogen, but that the percentage of 
creatinine nitrogen m terms of total nitrogen fell somewhat below 
the normal percentage with a marked increase m the elimination 
of total nitrogen, though the absolute amount of the creatinine 
excretion was increased about 25 per cent at the highest point 
Subsequently, van Hoogenhuyze and Verploegh 10 noted that the 
maximum creatinine excretion appeared at the same tune or within 
a few hours of the highest temperature The observations o 
Klercker 11 on the e limina tion of creatinine and creatine in febn e 

* Folin Amer Journ oj Physiol , xni, p 66,1905 

‘ Ct Myers --Imer Journ of Med Sci , c-oc as, p 256, 1910 

I Loe cit 

> Leavhes Journ of Physiol , xsxv, p 205,1907 

II If Cl! 

u Lee cil 
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diseases, but more especially the contributions of Ewing and 
Wolf 12 and Shaffer and Coleman 13 on protein metabolism during 
typhoid fever, and Wolf and Lambert 14 on protein metabolism in 
pneumonia, have greatly amplified our knowledge on this subject 
The increased excretion of creatinine during fever has likewise 
been noted by Manuchin, 15 though the deductions he draws would 
hardly appear in accord with other observations 

Not only has an increased excretion of creatinine been observed 
during the active stages of fever, but a decrease in its elimination 
during convalescence It has further been noted that sooner or 
later during the course of a fever creatine appears m the urine, and 
its elimination in increased quantities seems of grave diagnostic 
importance This was strikingly shown in the senes of fatal pneu- 
monias reported by Wolf and Lambert In general, a parallel 
between the febrile temperature, total nitrogen, urea and creati- 
nine has been observed Shaffer and Coleman found that the 
increased excretion of creatinine m fevers was hardly m proportion 
to the amount of body protein catabolized, their highest increase 
in the creatinine excretion being calculated as about 20 per cent 
The destruction of body proteins during fever, though perhaps 
more severe, is quite comparable to that occurring during fasting, 
and Mendel and Rose, 16 and Myers and Fine 17 have observed that 
the total creatinine mtrogen (from both creatinine and creatine) 
forms a uniform proportion of the total nitrogen m starving rabbits 

In producing this increased metabolism in fever, as shown by 
the increased excretion of nitrogenous waste products and also 
by the increased elimination of carbon dioxide, several factors play 
a part, viz , the hyperthermia per se, the accompanying inanition, 
and the toxic agent causing the fever 

That pyrexia, produced by artificially raising the body tempera- 
ture with a hot bath, or otherwise, will raise the level of body me- 
tabolism has been demonstrated The carbon-dioxide elimination 
has been observed to be increased from 30 to 40 per cent under 
these conditions, and somewhat similar figures have been obtained 

I Loc ext 

13 Loc ctl 

II Loc cit 

15 Manuchin Russhi Wratsch, i\, pp IS, 55, 89, 1910 

16 Mendel and Hose this Journal, x, p 213, 1911 

17 Myers and Fine unpublished data 
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for the nitrogen elimination Lmser and Schmid 18 have pointed 
out that in man it is not until the body temperature is increased 
'above 39°C that there is an increase in protein metabolism From 
this Krehl 13 concludes that in infective fevers with a temperature 
under 40°C the additional protein metabolism must be of toxic 
origin 

In infective fevers, whether in man or animals, it has often been 
noted that the rise m nitrogenous metabolism is greater than 
should be observed if due entirely to the pyrexia and accompanying 
inanition This added excess in the nitrogen elimination has been 
explained as toxic in origin Ewing and Wolf in their study of pro- 
tein metabolism in typhoid fever observed that the highest excre- 
tion of nitrogen in proportion to body weight occurred in the so- 
called toxic cases and that, although this was generally coincident 
with a high temperature, the total nitrogen appeared to be less 
affected by the fever than by the intoxication Some of the most 
widely quoted experiments on fever are those by May 20 performed 
on rabbits inoculated probably with the same organism as in our 
experiments The inoculations were made durmg a period of 
starvation, and on the second day after inoculation the output of 
nitrogen exceeded the normal by 28 4 to 51 9 per cent Thense 
in nitrogen elimination is quite comparable to that observed m our 
experiments below except that here the animals were not starving 
and the fever appeared several days later These figures prob- 
ably represent in a general way the increase m nitrogenous metab- 
olism which may be observed in febrile conditions m man The 
particular advantage of such experiments, as those of May on 
animals, is the fact that one has a fairly adequate control period 
which cannot be so readily obtained in similar diseases in man 

One other phase of the question, which is of the utmost practical 
importance in the treatment of fever in man, especially typhoid 
fever as shown by Shaffer and Coleman, is the diet The lower 
specific dynamic action of carbohydrate m comparison to protein 
and the protective action of carbohydrate on protein is well known 
May called attention, in his experiments in 1894, to the protective 
action of carbohydrate on body protein By the use of diets big 

11 Lmser and Schmid Deulsch Arch / Klin Med , lxxix, p 

u Krehl Clinical Pathology, Amer Edit by Hewlett, 1907, p ® 

May Zeilschr f Biol , xxx, p 1, 1S94 
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m caloric value and rich in carbohydrate, Shaffer and Coleman 21 
have shown it possible to retard and even prevent the febrile loss 
of body protein nitrogen in subjects of typhoid fever This is of 
particular interest in this connection in view of the inhibitory 
influence of carbohydrate upon the excretion of creatine by starving 
animals 

EXPERIMENTAL PART 

Nine experiments are reported on rabbits inoculated with 
Bacillus suipeshcus 22 and three experiments upon animals whose 
temperature was raised artificially The routine procedures m 
the first series of experiments consisted in determination? of total 
nitrogen, urea, ammonia, creatinine, creatine, chlorides, phos- 
phates, potassium, and the routine clinical examination of the urme, 
together with morning and evening temperature observations 
during the fever period, and a previous control period of four or 
more days In the last three experiments determinations of total 
nitrogen, creatinine, creatine and chlorides were made 
The analytical methods employed were Kjeldahl method for 
total nitrogen, Benedict method for urea , 23 Folin methods for 
ammoma and creatinine , 21 Benedict-Myers modification of the 
Folin method for creatine , 23 Volhard-Harvey 26 method for chlorides, 
titration with uranium mtrate for phosphates and Drushel’s method 
for potassium 27 

The rabbits were all healthy animals, females being used because 
it is somewhat easier to compress the bladder Prior to beginning 
the experiment, the animals were placed upon a uniform carrot 
diet for a period of several days During the experiment the blad- 
der was squeezed out at a definite time each morning, the animal 
weighed, and then given its daily ration which was ordinarily con- 
sumed during the day in the control period After inoculation or 
placing m an incubator the appetite of the animals declined, obvi- 

1 Loc cit , also Coleman Amer Journ of Med Set , c\lm, p 77, 1912 
8 A preliminary report of these experiments was made at the 1911 Meeting 
of the Society of Biological Chemists, of Proceedings this Journal, \i, p 
\\i, 1912 

3 Benedict this Journal, vm, p 405, 1910 
* Folin Amer Journ of Physiol , mu, p 45, 1905 
6 Benedict and Myers ibid , win, p 397, 1907 
24 Harvey Arch of Ini Med , vi, p 12, 1910 

' Drushel Amei Journ of Sci , \\yi, p 555, 1903, also Myers this Jour- 
nal, vi, p 122, 1909 
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ously introducing an important factor into the figures for the nitro- 
gen elimination However, starvmg animals would have been 
less satisfactory, for several reasons, the most important of which 
is the elimination of creatine which develops very quickly in the 
rabbit during inanition 

The 350-400 grams of carrots (contain 0 6-0 7 gram N) would 
appear to furnish a fairly adequate dietary for the rabbit, generally 
close to 100 calories per kilogram, with 10 per cent in the form of 
protem The rabbit with its large skin area should require a com- 
paratively high caloric intake, but this would appear to have been 
well supplied Owing to the exhaustion of the old carrot supply 
(July 1911), rabbits O, P and Q were fed 300 grains of new roots 
and 200 grams of the green “tops,” thus making the 500 grains 
recorded m the tables No detailed protocols, aside from the tabu- 
lated results of the urine analyses, appear to be necessary 

The first series of experiments was carried out at the Bender Laboratory 
at the suggestion of Dr Ordway with the idea that some correlation might 
be observed between our chemical findings and the histological data ob 
tamed in independent experiments on the same animals by Ordway, Kel 
lert and Huested * 3 We were able to detect little relationship between the 
lesions observed in the various organs and the composition of the urine 
Our chemical data were found to be chiefly of interest from the standpoint 
of creatinine, and on this account figures for the potassium, chlorides, phos 
phates and likewise ammonia have not been included 

Below is given, however, a brief summary of the results obtained for the 
elimination of these constituents Data on the excretion of potassium were 
obtained in the first seven experiments The excretion appeared to follow 
closely in all cases the food intake, although this was rather high to have 
allowed the demonstration of changes due to fever or accompanying condi 
tions In general, with the development of fever, there was an increase in 
the chloride elimination, followed by a very decided decrease not accounte 
for by the decreased intake This is believed to have been due to a de- 
creased kidney (tubular) permeability The phosphate elimination show 
an increase during the fever period in certain of the experiments, whi e in 
others there was little change , 

The figures for ammonia are also not recorded, for the reason tha wi 
one possible exception, Rabbit M, no indication was observed of an in 
creased excretion of ammonia Normally, the rabbit eliminates P ra °^ lca ^ 
no ammonia, as might be expected from the nature of its dietary ° 1 ' , 
the reaction of the urine was frequently observed to be acid at the eig 
the fever, sufficient time hardly elapsed to have caused a very grea 
tion of the supply of basic elements in the body 

!! Ordwaj, Kellert and Huested Journ of Med Res , wvm, p 4t > 1913 
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TABLE I Rabbit A 


DiTB 
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Rabbit A inoculated subcutaneously on February 24 with 0 5 cc of a 
24-houi bouillon culture of Bacillus suipcslicus Pulse on February 21, 
180, on February 28, 28 0 Animal recovered 
Rabbit C inoculated subcutaneously on February 24 with 0 5 cc of a 24- 
hour bouillon culture of Bacillus suipesticus 
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convulsions , was found to be pregnant 
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Rabbit M inoculated in the usual way at 5 30 p in on June 26, small amount of albumin detected in the urine on June 
29, urine on morning of last two days observed to be acid, rabbit died in convulsions at 3 p m on June 30 
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labbit P received 0 2 cc of the usual culture subcutaneously at 5 p m July 12 and died during the night of July 17 
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TABLE X 


Rabbit ” 


DATE 

1912 

BODY 

WEIGHT 

CAHROT 

DIET 

TEMPERATURE 

VOL. OP 
URINE 

SP OR 
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CREAT- 

ININE 
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CREAT- 

ININE 
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p m 

a.m 

July and 

ignis 

SJranw 
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percent 

August 
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3 3 
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1 74 
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1 57 
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0 68 

23 0 

3 4 

3 

1 70 

350 

39 9 
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0 64 
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3 9 
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1 65 
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39 5 

300 


0 68 

27 4 

3 7 
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1 62 

350 

39 6 
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225 


0 74 

27 4 
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Average 31-5 
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0 71 
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3 5 
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1 64 
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0 41 
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1 56 
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0 82 
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1 41 
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41 7 
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v ' ^ 1 s 
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32 1 
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1 42 
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39 1 

73 

mm 
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1 52 


39 2 
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0 72 
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1 58 


39 3 
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Rabbit 45 was placed in the incubator on the morning of August 5 and 
kept there continuously for three days, except for about one hour each 
morning During the incubator period the animal drank a small amount 
of water The first day after bemgjemoved from the incubator the rabbit 
appeared sick, but was apparently normal on the following day 


10 In this last series of experiments we were assisted by Mr Adolph Bern- 
hard 
















Rabbit 47 was placed in the incubator at 2 p m on January 20 and kept 
there continuously, except for the time necessary to take temperatures, 
etc , until 9am on the 23rd On the last two of these three days thereac 


tion of the urine was obserx ed to be acid 


TABLE XU Rabbit i9 
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Discussion 

The results of the foregoing experiments can most advantage- 
ously be discussed together The parallel between the body tem- 
perature and the total nitrogen, urea, and creatmme is quite strik- 
ing, though m considerable measure probably due to the shortness 
of the fever, generally five to eight days In all cases the highest 
elimination of mtrogen has been found to coincide with the highest 
temperature The relation between the total mtrogen and urea, 
as shown by the percentage of urea mtrogen, does not markedly 
differ from the normal In general, during the fever period there 
was a slight mcrease m the per cent of urea nitrogen At the height 
of the fever this was sometimes accompanied by a still further 
increase, and in other cases by a decrease 

The relation between the body temperature and the amount of 
the creatinine elimination is most interesting As soon as the body 
temperature rises noticeably above the normal level, there is an 
accompanying increase in the excretion of creatmme, and with a de- 
cline m the febrile temperature there is an immediate fall Though, 
in general, the creatmme follows the increased total mtrogen ex- 
cretion, there is a very noticeable lag at the height of the fever, 
the average figures disclosing a fall of from 3 8 per cent to 3 3 per 
cent m terms of total mtrogen The maximum temperature, 
about 42°C , was found to be accompanied by the highest cre- 
atinine elimination, the percentage mcrease over the control 
elimination averaging 36 per cent — 64 per cent m one case — as 
recorded in Table XIII 

Creatme was generally found to be eliminated after the crisis 
of the disease This was also the case m one other experiment 
not reported, Rabbit L The recent experiments of Myers and 
Fine 31 on starving rabbits make it evident that the creatme of the 
urine, at least m that condition, has the origin generally assumed, 
viz , from the settmg free of creatme m the absorption of muscle 
tissue Though creatme may be an index as to the amount of a 
certain kind of abnormal catabolism, the creatme itself bears no 
uniform relation to the endogenous total mtrogen excretion 

To secure further light on the factors causing the increased elimi- 
nation of creatimne during fever, three animals were placed m a 

51 Myers and Fine Proc Soc Exp Biol and Med , p 12, 1912 
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large incubator at about 38 o°C As is well known, the rabbit is 
easily susceptible to external changes in temperature and m this 
way a typical hyperthermia was easily produced with maximum 
temperatures varying between 41 7° and 43 3°C 
As is shown in Tables X, XI and XII, the nse in temperature 
here was likewise found to be accompanied, by an mcreased elimi- 
nation of creatinine, the maximum output being noted on the day 
of the highest temperature The increased excretion was of the 
same intensity as that observed in the previous senes of experi- 
ments It is of interest to note that here no creatine was found to 
appear m the urme, possibly indicating that there was no abnormal 
destruction of muscle tissue Inasmuch as no creatme was found 
no tabulation was made The ma xim um total nitrogen excretion 
m this series did not appear at the time of the highest temperature, 
but on the day following The coincidence in the previous senes 
finds probable axplanation m the fact that the highest temperature 
and the highest total nitrogen just preceded the premortal fall 


TABLE XIII 




v\ ERAGE DAILY 
TOTAL V 
CONTROL 
PERIOD 

highest 

1 TOTAL N 

j FEVER PERIOD 

AVERAGE Daily 
CBEAUVLYE N 
CONTROL 
PERIOD 

HIGHEST 
CREATININE N 
FEVER PERIOD 

gram* 

1 grams \ 

mgm* 

jngms 



17 2 

22 2 



25 4 

39 4 

0 53 

0 83 

25 5 

35 4 

! 0 85 I 
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26 9 | 

34 7 
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1 0 53 
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47 9 j 
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In the above table are summarized the more important data 
in connection with the excretion of creatinine Percentage figures 
for the increased excretion of total nitrogen during the height of 
the fever are not given owing to the fact that it appeared impossible 
to compute reliable figures During the control period a number 
of the animals showed a plus mtrogen balance, with nitrogen in- 
takes varying between 0 6 and 0 7 gram Furthermore, during 
the fever period, they were burning increased amounts of their 
own tissue due m part to the decreased food intake However, 
it appears that there was a greater increase m the excretion of 
nitrogen during pyrexia in the first series of experiments than m 
the second 

CONCLUSIONS 

The excretion of creatinine closely follows the rise in temperature 
during fever, whether the hyperthermia is of infective origin or 
artificially mduced The highest continued temperature (about 
42°G ) has been found to be accompanied by the highest creatinine 
elimination 

In nine experiments on rabbits inoculated with Bacillus suipes- 
ticus, the percentage increase at the height of the fever over the 
control elimination averaged 36 per cent In three experiments, 
where hyperthermia was artificially mduced, the average increase 
was 34 per cent This is believed to show that the increased elimi- 
nation of creatinine is due entirely to the hyperthermia 

The view is expressed that the mcreased creatimne elimination 
during fever still represents the normal endogenous metabolism, 
which is proceeding here at an abnormal intensity due to the high 
temperature It is possible that this is in accord with the Jaw of 
the mcreased velocity of chemical reactions at increased tempera- 
tures 

It is suggested that the amount of the mcreased creatinine 
excretion may be of value m indicating the increase m mtrogenous 
metabolism due to simple pyrexia The increased excretion of 
mtrogen in physiological fever corresponds very well with the in- 
creased excretion of creatuune (35 per cent), but m toxic fevers the 
excretion of mtrogen may be much greater 

In the senes of toxic fevers, creatme was generally found to be 
excreted, and when present was observed, as a rule, following the 
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crisis of the fever In the series of physiological fevers an elimina- 
tion of creatine was not detected It is reasonable to believe that 
creatine is evcreted during fever, because the protein is drawn upon 
to supply unusual demands (eg , to supply energy in the absence 
of carbohydrate), and in this abnormal catabolism, creatine is set 
free more rapidly than the body can oxidize it 

In fever, creatinine, though increased, still appears to mdicate 
the amount of a certain type of normal endogenous metabolism, 
while creatine possibly indicates the amount of abnormal endogen- 
ous metabolism 



THE NORMAL PROTEIN METABOLISM OF THE RAT 

By OTTO FOLIN and J LUCIEN MORRIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, April 29, 1913 ) 

The highly interesting results obtained by Mendel and Osborne 1 
on feeding single specific proteins to rats lend added interest to 
any detailed information that may be obtained concernmg the 
nature of the metabohsm of the rat as compared with that of any 
other animal or of man The small size of the animal has hereto- 
fore prevented the accumulation of much information of a quan- 
titative nature The total urinary nitrogen determinations of 
Mendel and Osborne and those of Hatai 2 represent so far as we 
know all that has been done in this line By means of the new 
microchemical method, 3 recently pubhshed from this laboratory 
it is possible to obtain more detailed figures Because of the 
limited quantity of urme comprising the twenty-four-hour amounts, 
some changes in these methods were found necessary In every 
case the twenty-four-hour urme of each animal (5-50 cc in 
amount) was made up to 50 cc From this stock solution portions 
were taken directly for ammonia, uric acid, creatinine and creatine 
determinations For total nitrogen and urea determinations a 
dilution of a part of this solution to twice its volume brought the 
nitrogen content to the desired amount (1=±= mgm per 1 cc ) In 
the smallest rats this second dilution was unnecessary, the quan- 
tity bemg sufficiently reduced m the first dilution 

The uric acid analysis followed the general scheme of its deter- 
minations in human urme as pubhshed by Fohn and Denis 4 Ten 
cubic centimeters of rat urme were found to contain a sufficient 
quantity of uric acid for the determination A drop of acetic acid 

1 Carnegie Institution of Washington, publication 156, Pts I and II 

5 Amer Journ of Physiol , xiv, p 102, 1905 

3 This Journal, xi, 1912 

4 Ibid , xiv, p 95, 1913 
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(instead of hydrochloric) was used to acidify when driving off the 
hydrogen sulphide After the reaction with the uric acid reagent 
and sodium carbonate the blue solution was filtered mto a 25 cc 
volumetric flask and made up to the mark with washings It was 
then read against a standard of 1 mgm of uric acid in 100 cc 

The creatinine determinations offered at the beginning consider- 
able difficulty owing to the small amount of creatinine and its 
great dilution m rat urme The original standard, potassium 
bichromate solution, could not be used and had to be replaced by 
creatinine solutions of known concentration Other factors had 
to be modified — the amounts of picric acid and alkali, and the time 
necessary for the development of the maximum color had to be 
worked out Our standard creatinine solutions were made of 
approximately the same concentration as the urme These solu- 
tions and the urme were then treated exactly ahke and, by devel- 
oping the color simultaneously m both, constant and seemingly 
reliable results were obtained The modified procedure is as 
follows 

To 5 cc of urme and to 5 cc of the standard creatinine solution, 
each in a 25 cc volumetric flask, add 2 5 cc of saturated picric 
acid solution from a burette, and then 1 cc of 10 per cent sodium 
hydroxide solution Let stand for ten minutes, fill up to the 
mark with water and then determine the color as in the original 
method 

The creatine determination was made, in terms of creatinine, by 
the same method and appeared as an addition to the previously 
obtamed creatinine figure It was converted mto creatinine by 
addmg 0 5 cc of 2n HC1 to 5 cc of urme in a 100 cc Erlenmeyer 
flask, evaporatmg to rather less than 2 cc volume on a water bath, 
and contmued heating at this volume for two hours To maintain 
the volume a small top-shaped glass bulb was inserted in the mouth 
of the flask for condensation At the end of the time indicated 
the volume was again made up to approximately 5 cc by adding 
water to the flask on a balance until the weight was the sum o 
5 grams and the previously-taken weight of the flask Beyon 
this the treatment was exactly the same as with creatinine excep 
that an additional 0 5 cc of NaOH was added to neutralize the 

HC1 used 



Otto Folia and J L Morris 51 1 

Each rat was kept in a specially constructed small cage resting 
on top of a funnel Each day’s urine was collected in 2 cc of 
normal hydrochloric acid The twenty-four-hour aspect is only 
approximate since no attempt was made to have the bladder 
emptied at the end of each day The duration of the experiment 
is long enough, however, so that the average of all the figures 
should come close to the true twenty-four-hour results The 
urines were analyzed in the case of rats M, X and A over a period 
of mne days, and in the case of rat G, fifteen days 

In tables 1 and 2 are given the analyses of a series of approxi- 
mately twenty-four-hour urines obtained from two large mature 
rats, a female (M) weighing 290 grams and a male (X) weighing 
197 grams To save space only the last six days are recorded 
Table 3 represents a summary of the results recorded m tables 
1 and 2, together with summaries of the results obtamed from two 
young growing rats, A and G, weighing 40 to 50 grams We have 
made several other series of similar studies but these deal chiefly 
with tumor-bearing rats and will be described elsewhere by Ordway 
and Morris 

The rats were kept on a purine-free diet consisting of powdered 
crackers and water 

It will be seen, from examination of the average results, that 
the percentage composition of rat urine differs but httle from that 
of human urine Being small animals but voracious feeders the 
total nitrogen per kilo of body weight is much larger than in the 
case of man The percentage relationship between the amounts 
of total nitrogen, urea nitrogen and ammonia mtrogen is almost the 
same as in man Creatinine mtrogen shows a somewhat larger 
value for the rats, reaching 15 mgm per kilo m the mature rats, 
while man usually eliminates 7-11 mgm Small amounts of 
creatine were always found in the urine This is rather interesting 
in view of the excessive feeding of rats and the suggestion of Folin 
and Denis 5 that the creatine in the urme of children might be due 
to an “excessively high level of protetn consumption ” 

The most striking and mteresting feature of the analyses is the 
fact that the urme of rats contains quite as much uric acid in 
proportion to body weight as does human urine Through the 


5 This Journal, xi, p 253, 1912 
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Female ral weighing 290 grams (Af) 
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investigations of Wiechowski 6 and more recently of Hunter and 
Givens 7 we have learned that mammals other than man convert 
the greater part of the uric acid into allantoin, and the urines of 
such animals therefore contain very little if anyy,uric acid The 
metabolism of rats is, however, m this respect like that of man 
In view of this highly curious similarity it seemed necessary 
also to determine whether the blood of rats is as nch m uric acid 
as is human blood Folin and Denis 8 have recently shown that 
domestic animals, whose urine contains allantoin instead of uric 
acid, uniformly show mere traces of uric acid in the blood The 
blood from six full-grown rats was collected over a little powdered 
potassium oxalate, and the uric acid, total non-protein nitrogen 
and urea were determined by the methods of Folin and Denis 
The figures obtained for 100 grams of blood were as follows Unc 
acid, 2 mgm , non-protein nitrogen, 38, urea, 22 The experiment 
was repeated twice, each time using for the analysis the mixed 
blood of six normal white rats, and 24 mgm and 25 mgm 
respectively of uric acid per 100 grams of blood were found These 
are substantially the same figures as Folm and Denis found for 
normal human blood The purine metabolism of rats is, there- 
fore, like that of man and unlike that of other mammals hitherto 
investigated Jones and RohdS 9 published some experiments on 
purine ferments of the rat a few years ago, and one of the con- 
clusions reached is interesting m connection with our results “The 
results of this work show that the organ extracts of the rat jointly 
and severally are incapable of exhibiting either adenase or xantho- 
oxidase There is, therefore, no way for uric acid to be formed by 
the purine ferments m extracts of the organs of the animal Never- 
theless rats’ urine contains uric acid From 50 cc of urine we 
were able to isolate enough uric acid for complete identification 
Presumably the organs also contain uric acid which might be 
detected by methods of sufficient refinement but the substance 
cannot be produced by the action of organ extracts on purine 
bases ” 

« Biochem Zeilschr , xxv, p 433, 1910 
7 This Journal, xui, p 372, 1912 
* Ibid , xiv, p 31, 1913 
9 Ibid , vn, p 237, 1909 



Otto Fohn and J L Morris 


5i5 


It seems rather remarkable that the one animal which (except- 
ing man) produces the most uric acid m the course of normal 
metabolism should lack the ferments capable of producmg it In 
this connection wc can state that investigations conducted by J 
B Sumner in this laboratory have shown that aqueous extracts 
from rat livers are as capable of destroying uric acid as similar 
extracts obtamed from the livers of cats and sheep The signifi- 
cance of “purine ferments” as obtamed from organ extracts in 
relation to the formation and elimination of uric acid in the course 
of normal metabolism is, therefore, far from clear 




IS NARCOSIS DUE TO ASPHYXIATION? 

By JACQUES LOEB and HARDOLPH WASTENEYS 
( From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, April 30, 1913 ) 

1 The idea that the phenomenon of narcosis might be caused 
by an interference with oxidation is an old one Recently it has 
been advocated by Verworn who tried to support it by indirect 
evidence 1 Yet it is obvious that if we wish to ascertain whether 
or not narcosis is due to a diminution m the rate of oxidations 
(or, as Verworn expresses it, to an asphyxiation) there is only one 
way to decide the question, namely by comparing the rate of oxi- 
dations in narcotized orgamsms with that in non-narcotized 

If we wish to carry out such experiments we must keep in mind 
that organisms which are capable of muscular action cannot well 
be used for this purpose since we know that muscular activity 
can easily raise the rate of oxidation in the animal body one 
hundred per cent Since the narcotics cause muscular action to 
cease, a narcotized animal will consume less oxygen than a free- 
moving animal, but it would be a mistake to state that this diminu- 
tion m the consumption of oxygen was the cause of narcosis It 
is the effect and not the cause of narcosis If we wish to test the 
asphyxiation hypothesis of narcosis we must use orgamsms which 
possess no muscles and m which therefore this source of error does 
not interfere with the result The best material for this purpose 
is offered in the fertilized eggs Loeb had shown in 1895 that the 
eggs of the sea urchin and fish cannot develop if the oxygen is with- 
drawn 2 and this result has since been extended to a number of eggs 
of different forms The same author showed that the addition of 
a small amount of KCN also inhibits segmentation We shall 
see later that KCN only has this effect if it depresses the rate of 
oxidations in the egg below a certain level The suppression of 

1 Verworn The Harvey Lectures, 1911-12, p 52 

2 Loeb Pfluger’s Archiv, lxn, p 249, 1S95 
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segmentation by lack of oxygen as well as by KCN is a reversible 
process 

It is also well known that anaesthetics inhibit the segmenta- 
tion of the fertilized sea urchin egg reversibly It was, therefore, 
an easy task to compare the rate of oxidations in equal quantities 
of fertilized eggs with and without the presence of narcotics War- 
burg had already observed that phenyl urethane m the concen- 
tration in which it suppressed nuclear and cell division did not 
diminish the rate of oxidations Only if an excessive amount of 
phenyl urethane was added, was a diminution in the rate of oxida- 
tions noticeable, but, as he correctly adds, the question is not 
whether it is at all possible to lower the rate of oxidations by add- 
ing narcotics but whether that concentration which suffices for 
narcosis lowers the rate of oxidations 3 

We undertook a series of experiments on the effect of various 
narcotics upon the rate of oxidations m the newly fertilized eggs of 
Strongylocentrotus purpuratus Since the method of procedure 
and the degree of reliability of our method have been described 
in previous papers no recapitulation of these points is needed 

2 Experiments with KCN We determined the minimum 
amount of KCN necessary to suppress cell division permanently 
m the newly fertilized eggs of S purpuratus and found that the 
addition of 0 7 cc of 0 01 per cent KCN to 50 cc of sea water was 
the minimum amount required We then determined the influ- 
ence of various amounts of KCN upon the rate of oxidations 
Newly fertilized eggs were divided into equal lots and the amount 
of oxygen consumed in one hour was determined Temperature 
14°C 


1 

2 

3 


TABLE I 



oxrazs 

CONSUMED 

BATE Of 
OXIDATIOM 


mgm 


Normal sea water 

0 51 

1 00 

50 cc sea water -J- 0 7 cc 0 01 per cent KCN 

0 17 

0 33 

50 cc sea water -f- 0 9 cc 0 01 per cent KCN 

0 15 

0 29 


In solution 1, the eggs segmented, m solutions2 and 3 no segmen 
tation occurred The eggs were transferred from solutions on 


* O Warburg Zeitschr f physiol Chem , lxvi, p 305, 1910 
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3 to normal sea water and all developed into normal larvae The 
amount of KCN necessary to suppress cell division lowers the 
rate of oxidations to one-third of the normal amount A repeti- 
tion of the experiment confirmed the result 


TABLE II 



OXYGEN 1 

CONSUMED 

HATE 07 

OXIDATIONS 


mgm 


1 Normal sea water 

0 65 

1 00 

2 50 cc sea water + 0 4 cc 0 01 per cent KCN 

0 34 

0 52 

3 50 cc sea water + 0 7 cc 0 01 per cent KCN 

0 21 

0 32 

4 50 cc sea water + 1 0 cc 0 01 per cent KCN 

0 18 

0 28 


The addition of 0 4 ce of KCN only retarded the development 
but did not suppress it The addition of 0 7 cc of KCN sup- 
pressed cell division, and the rate of oxidations was again exactly 
one-third of the normal 

Similar results had previously been obtained by us for the eggs 
of Arbacia 4 

We can, therefore, state that if the rate of oxidations of the egg 
is lowered to one-third of the normal amount found at 14°C , the 
eggs cease to segment If the prevention of segmentation by nar- 
cotics were due to the same influence we should have to expect 
also a lowermg of the rate of oxidations to one-third of the normal 
rate found at 14°C 

3 We tried a number of narcotics, various alcohols, chloral 
hydrate, chloroform and ethyl urethane The minimum amount 
required to suppress cell division permanently was ascertained for 
each of these narcotics The minimal dose varies slightly for the 
eggs of various individuals 

a Chloral hydrate The minimum amount required to suppress 
cell division is 4 2 cc of 0 5 per cent solution (made up in -f- NaCl 
+ KCI + CaCl») to 45 8 cc of sea water Temperature 15°C 


4 Loeb and Wasteneys Biochem Zeitschr , xxxvi, p 355, 1911 
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TABLE m 



OXYGEN 

CONSUMED 

HATE OF 
OXIDATIONS 


mgm 


Normal sea water 

0 65 

1 00 

2 4 cc 0 5 per cent chloral hydrate in 50 cc sea 



water 

0 60 

0 92 

4 2 cc 0 5 per cent chloral hydrate in 50 cc sea 



water 

0 57 

0 88 

6 0 cc 0 5 per cent chloral hydrate m 50 cc sea 



water 

0 57 

0 88 


In the solution with 4 2 cc and 6 0 cc of chloral hydrate the 
eggs were no longer able to segment, but they segmented and devel- 
oped promptly when transferred to normal sea water In the 
solution with 2 4 cc of chloral hydrate the eggs segmented The 
effect of the chloral hydrate upon oxidations was practically ml 
The experiment was repeated 


TABLE IV 



OXYGEN 

CONSUMED 

HATE OF 
OXIDATIONS 

Normal sea water 

mgm 

0 51 


4 2 cc 0 5 per cent chloral hydrate in 50 cc sea 
water 

0 42 

1 

0 89 



_ 


Although the segmentations were completely suppressed in this 
solution the influence of the chloral hydrate was practically negli- 
gible We can say with certainty The narcotic effect of chloral 
hydrate upon the egg is not due to asphyxiation or a diminution 
m the rate of oxidations 

b Ethyl urethane Three cubic centimeters of a 10 per cent 
solution (in 4- NaCl + KC1 + CaCl 2 ) m 50 cc of sea water are suffi- 


cient to suppress cell division 

TABLE V 



OXYGEN 

CONSUMED 

RATE OF 
OXIDATIONS 

Normal sea water 

3 co 10 per cent ethyl urethane in 50 cc sea water 

mgm 

0 51 | 
0 46 | 

1 00 

0 9S 
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With a few exceptions no eggs segmented m ethyl urethane, but 
all segmented when put back into normal sea water 
c Chloroform Seven cubic centimeters of 0 5 per cent CHC1 3 
in - 7 - NnCl + KC1 + CaCb were required to suppress cell division 


TABLE VI 



OXYGEN ! 

CONSUMED ' 

RATE OF 
OXIDATIONS 

1 

mgm j 


Normal sea water 

0 47 

1 00 

43 cc sea water -+■ 7 cc 0 5 per cent chloroform 

0 41 

0 87 


No segmentation occurred in the eggs in chloroform, but they 
segmented and developed normally when transferred to normal 
sea water The narcotic effect of chloroform is produced without 
any considerable lowering of the rate of oxidations The slight 
lowering observed is not quite but almost within the limits of error 
and cannot be considered 

d Propyl alcohol Minimum amount necessary to suppress 
cell division is 3 5 cc of 2 m propyl alcohol m 50 cc of sea water 
In order to avoid lowering of concentration of salts the 2 11 solu- 
tion of alcohol was made up in - 7 - NaCl + KC1 + CaCl 2 


TABLE vii 





OXl GEN 

CONSUMED 

rate op 
oxidations 




mgm 


In normal sea water 


X 00 

1 00 

2 0 cc 

2 M propyl alcohol in 50 cc 

sea water 

0 90 1 

0 90 

3 5 cc 

2 M propyl alcohol in 50 cc 

sea water 

0 92 | 

0 92 

5 0 cc 

2 ir propyl alcohol in 50 cc 

sea water 

0 93 

0 93 


In 2 cc of propyl alcohol a few of the eggs (less than 1 per cent) 
segmented In 3 5 cc and 5 cc of propyl alcohol no egg segmented 
A few underwent cytolysis, but as Warburg has shown, and as we 
were able to confirm, this does not alter the rate of oxidations in 
the fertilized egg We therefore see that the narcotic effect of 
propyl alcohol is not accompanied by any lowering of the rate of 
oxidations in the egg 

e Various other alcohols The narcotic effect of various alcohols 
follows the rule that each successive alcohol of a series is two or 
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three times as efficient for narcosis as the previous one The 
amount necessary for the suppression of segmentation m the egg of 
S -purpuralus found for the various alcohols was as follows 

RATE OF EFFICIENCY 
COMPARED WITH 
METHYL ALCOHOL 


Methyl alcohol, 4 0 cc 10 u in SO cc sea water 1 

Ethyl alcohol, 5 0 cc 4 m in 50 cc sea water 2 

Propyl alcohol, 3 5 cc 2 m in 50 cc sea water 6 

Butyl alcohol, 3 5 cc m in 50 cc sea water 12 


table vnr 



OXYGEN 

CONSUMED 

BATE OF 
OXIDATIONS 

Normal sea water 

mgm 

0 87 

1 00 

4 ce 10 m methyl alcohol in 50 ce sea water 

0 83 

0 95 

5 cc 4 ii ethyl alcohol in 50 cc sea water 

0 73 

0 84 

7 cc “ butyl alcohol in 50 cc sea water 

0 66 

0 76 


No eggs segmented in the solutions containing alcohol except 
in the methyl alcohol in which 25 per cent of the eggs segmented 
When transferred to normal sea water all the eggs segmented 
The rate of oxidations in these experiments is too high to account 
for the narcotic effect on the basis of asphyxiation The experi- 
ment with butyl alcohol was repeated 


TABLE IX 



OXTGEN 

CONSUMED 

BATE Or 
OXIDATIONS 


mgm 


Normal sea water 

0 84 

1 00 

6 5 cc If- butyl alcohol m 50 cc sea water 

0 66 

0 79 


4 Theoretical remarks The maximal lowering of the rate of 
oxidations found under the influence of narcotics was 20 per cent, 
in the maj ority of cases it was less than this In the case of propy 
alcohol it was less than 10 per cent, in the case of chloral hydra e 
it was about 10 per cent Since the temperature coefficient or 
the rate of oxidations m the eggs is about 2 for 10°C , 6 we can pro- 

‘ Locb and Wasteneys Biochem Zeitschr , vtxvi, p 345, 1911 
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duce a lowering of the rate of oxidations of 20 per cent by lowering 
the temperature two or three degrees, e g , putting the eggs into 
sea water of 12° instead of into 15° as in these experiments The 
previous experiments of Loeb have shown that the eggs of S pur- 
puratus segment not only at 12° but even at 3°C , when the rate of 
oxidations is less than one-half of that observed at 15°C In 
addition, the experiments with KCN also show that this substance 
does not suppress cell division until the rate of oxidations is reduced 
to one-third of the normal value From these facts we can state 
with certainty that the effect of narcotics upon the eggs of the sea 
urchin is not due to asphyxiation, a conclusion which Warburg 
reached also in his experiments with phenyl urethane 
Kisch 6 has recently published experiments which show that the 
photodynamic effect due to oxidations is raised instead of being 
diminished if narcotics are added to the medium 

SUMMARY 

It is shown that chloral hydrate, ethyl urethane, chloroform and 
various alcohols produce complete narcosis m the fertilized eggs of 
the sea urchin without practically lowering the rate of oxidations 
in the egg 


• Kisch Zeilschr f Bio ' , i\, p 399, 1913 
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III THE FATE OF ISOBUTYRIC, ISOVALERIANIC AND ISOCAPROIC 
ACIDS IN THE DIABETIC ORGANISM, WITH CONSIDERA- 
TION OF THE INTERMEDIARY METABOLISM 
OF LEUCINE AND VALINE 

By A I RINGER, E M FRANKEL and L JONAS 

(From the Department of Physiological Chemistry of the University of Penn- 
sylvania, Philadelphia, Pa ) 

(Received for publication, April 30, 1913 ) 

For the proper understanding of the processes involved in the 
metabolism of the different foodstuffs it is essential to know the 
fate of the individual products of metabolism m the body For 
the past few years this question has been the center of attack from 
different angles The difficulties associated with these researches 
appeared insurmountable at times, but with the latest developments 
m the application of organic chemistry to biological processes more 
and more fight is being thrown on the subject of the intermediary 
metabohsm of foodstuffs 

There are a number of methods that have been devised of late 
for the prosecution of these researches, and while it must be ad- 
mitted that every one of them may be associated with a certain 
amount of error, they have nevertheless all helped to brmg to fight 
certain definite reactions The entire subject has been recently 
reviewed 2 and much space need not be given here to this phase of 
the problem 

In these researches animals were made diabetic by daily injec- 
tions of 1 gram of phlorhizin ground up in a mortar with 10 cc of 
olive oil The urine was collected by catheter and at the end of 
each period of twelve hours the bladder was washed three times 
with warm distilled water 

1 Aided by a grant from the Rockefeller Institute for Medical Research 

1 Dakin Oxidations and Reductions in the Antmal Body, Longmans, 
Green and Company, London, 1912 
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The urine was analyzed for its optical activity, nitrogen, glucose, 
ammonia, acetone, aceto-acetie acid and /3-hydroxy butyric acid 
In these determinations we were assisted by Mr C A Horn- 
berger 

The original purpose of these researches was to find the chemical 
configuration that a substance required in order to become con- 
verted into glucose in the diabetic organism It soon became evi- 
dent chat the study of this problem was so closely interwoven with 
questions of the intermediary metabolism of foodstuffs and sub- 
stances chemically related to them, that it was deemed necessary 
to extend the scope of this investigation to a broader field 

The method employed in these researches permits of the study of 
the following problems 

I The fate of different substances in the animal body with refer- 
ence to their ability to form glucose 

II The fate of different substances with reference to their ability 
to give rise to /3-hydroxy butyric acid, aceto-acetic acid and ace- 
tone 

III The chemical changes that different substances undergo in 
the process of catabolism in the animal body before their conversion 
into glucose or acetone bodies 

IV The influence of different substances on the metabolic pro- 
cesses of the diabetic organism — especially antiketogenesis 

V The role of different substances m the pathology of diabetes 

In the first two papers of this series it was shown that the normal 

fatty acids m the processes of catabohsm in the diabetic animal 
undergo very definite reactions, by becoming oxidized m the 
/3-position, giving rise to an acid with two carbons less This con- 
clusion was reached after having established the fact that propionic 
acid (when fed to diabetic dogs) is completely converted into glu- 
cose, and that of the higher fatty acids only those give rise to glu- 
cose winch stand in relationship to propiomc acid by having two 
(or a multiple thereof) carbons more Thus n-valeriamc and n-hep- 
tylic acids, containing five and seven carbons respectively, g ive 
rise to glucose, whereas n-butync and ?i-caproic acids, containing 
four and six carbons respectively, do not give rise to glucose, u 
to an increase in the acetone bodies These findings add increase 
support to Knoop’s hypothesis of /3-oxidation 

In this communication are recorded the results of experime 
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with isobutync, isovaleriamc and isocaproic acids fed to diabetic 
dogs 

The methods employed were essentially the same as those of the 
previous experiments, with the exception that the phlorhizm was 
administered according to the Coolen method It yields very satis- 
factory results, and with greater comfort to both operator and ani- 
mal The d-hydroxybutyric acid was determmed by Shaffer’s 
method 

The iso compounds enumerated above stand in very close rela- 
tionship to several important ammo-acids, 


CH- CHa 

\/ 

CH 

1 

CHa CHj 

\/ 

CH 

1 

CH 3 CHa 

\/ 

CH 

1 

CH 3 CHa 

\/ 

CH 

I 

CHa CHa 

\/ 

CH 

1 

1 

COOH 

1 

ch 2 

1 

1 

CH— NHs 

1 

CH- 

| 

1 

CH- 

1 


1 

COOH 

| 

COOH 

1 

CH— NH 2 

1 

CH- 

| 




| 

COOH 

1 

COOH 

Isobutyric 

acid 

Isovaleriamc 

acid 

Valine 

Leucine 

Isocaproic 

acid 


and the results of our experiments seem to throw light on the inter- 
mediary metabohsm of these amino-acids 


The effect of isobutyric acid 
CH 3 \ 

yen — cooh 
CB./ 

Baer and Blum 3 gave 20 grams of isobutync acid to a diabetic 
patient with the object of ascertaining whether it would cause 
mcreased elimination of the acetone bodies They did not get 
any increase m the jS-hydroxybutyric acid or acetone Embden, 
Salomon and Schmidt 4 perfused the liver with blood containing 
isobutync acid and found no increase in the acetone formation 
In this senes of experiments isobutync acid was fed with a 
double object in view First, both Baer and Blum and Embden 

1 Baer and Blum Arch f exp Path u Pharm , lv, p S9, 1906 
4 Embden, Salomon and Schmidt Hofmeisler’s Beitrage, vin, p 129 
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suggested the possibility of demethylation m the catabolism of the 
isobutyric acid molecule, with the introduction of either an H or an 
OH in the a-carbon 


CHj CH, 

\/ 

CHj CHj 

CHj CHj 
[ 

[ 

CH 

| 

* CHo 

| 

or CHOH 

COOH 

1 

COOH 

CHOH 


If this were true, isobutyric acid would give rise to propionic acid 
or lactic acid, either of which should give rise to extra glucose 
Second, it was of great importance to study the possible effects of 
isobutyric acid on acidosis 

In experiment XI, period VI, the animal was given subcutane- 
ously 10 grams of isobutyric acid as sodium salt The glucose 
elimination rose from 1 1 5 to 14 03 grams The nitrogen elimina- 
tion sank from 3 6 in the fore period to 3 29 and 2 55 m periods VI 
and VII, respectively, to rise again to 3 61 m period VIII The 
amount of extra glucose eliminated was 5 52 grams (calculated by 
the method suggested by Lusk and Ringer) 6 The most remarkable 
effect of the isobutyric acid was on the acetone and ^-hydroxy- 
butyric acid elimination In the fore period the acetone elimina- 
tion was 0 223 gram, it dropped down to 0 059 and rose again 
to almost the original level in period VII The / 3 -hydroxy butyric 
acid, which stood at 1 1 grams for two successive periods, dropped 
to 0 238 gram and returned to 1 325 grams as the effect of the 
isobutyric acid wore off In period XII of the same experiment a 
similar dose of isobutyric acid was administered to the same dog 
The effects were essentially the same, except that the amount of 
extra glucose was less than m the first case 

In periods IX and XII of experiment XII the animal received 10 
grams of isobutyric acid The yield of extra glucose was 7 6 grams 
in period IX and 4 3 grams in period XII 

In period VI of experiment XII the animal received 20 grams o 
isobutyric acid, which resulted m the elimination of 9 15 grams o 
extra glucose In period XII of the same experiment the amma 
was given subcutaneously 10 grams of isobutyl alcohol, wbic re- 
sulted m the elimination of 10 3 grams of extra glucose 

1 Ringer and Lusk Zeilschr f physiol Chem , lxvi, p 106, 1910 
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All these experiments prove beyond question that isobutyric 
acid gives rise to considerable quantities of extra glucose In most 
of the cases there was a very marked diminution in the nitrogen 
output, immediately following the isobutyric acid administration 
This phenomenon is very marked m experiments XI, XII and XIV 
It is, however, absent in experiment XIII, periods VI and VII 
Another point of great interest is the effect of isobutyric acid on 
the elimination of acetone bodies In experiment XI the effect 
was very marked, while in the others it was hardly noticeable 
These individual differences point very strongly to the existence of 
certam factors m the metabolism of the diabetic organism which 
determine the action of isobutyric acid and similar substances 
Since these experiments were performed, we have administered iso- 
butyric acid to several patients, some with very severe and others 
with moderately severe acidosis It was found that in severe cases 
of diabetes most of the isobutyric acid is converted into glucose, 
no effect whatsoever being exerted on the acidosis In the milder 
cases it is similarly converted mto glucose, but very distinct anti- 
ketogenetic effects are noted The influence of isobutyric acid 
on the nitrogen metabolism m animals and on acidosis m human 
diabetes will form the subject of a separate communication m the 
near future 


The effect of isovalenamc acid 
CH 3X 

)>CH— CH 2 — COOH 
CH/ 

That isovaleriamc acid gives rise to large quantities of ^-hydroxy- 
butyric acid, aceto-acetic acid and acetone has been proven 
beyond question by Baer and Blum 6 m the diabetic patient and by 
Embden 7 who found an increase m the aceto-acetic acid formation 
on perfusing an excised hver with blood containing 2 grams of 
isovalenamc acid 

In this research it was our object to see whether isovalenamc 
acid has any influence on the glucose elimination In experiment 
XI period IX, m experiment XII period VI and m experiment XIV 

6 Loc ext 

7 Loc ext 
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period XI, 10 grams of isovalerianic acid as sodium salt were admin- 
istered subcutaneously In none of these experiments was there 
any increase m the glucose The elimination of the acetone bodies 
was mcreased to a remarkable extent, thus confiriiiing the findings 
of Baer and Blum and of Embden 

The effect of isocaproic acid ( isobutyl acetic acid) 

CH 3 \ 

)CH— CH 2 — CH 2 — COOH 
CHff 

Embden perfused a dog's liver with blood containing isocaproic 
acid and obtained no increase in the aceto-acetic acid formation 
We performed our experiments with this substance to see what 
influence it has on acidosis and whether it will give rise to extra 
glucose Reasoning a prion, one would expect this substance 
to give rise to glucose The process of demethylation having been 
established in iso compounds m the case of isobutync and lsovalen- 
amc acids, there is every reason to suppose that such a process 
takes place in the isocaproic acid molecule Valerianic acid would 
be formed first, which after undergoing j3-oxidation, would give 
nse to propionic acid and to glucose 

CH 3 ch 3 ch 3 

I I 

■> CH 2 > CH a — > C 6 Hi 2 0j 

1 I 

/3— CH» COOH 

I 

a— CH 2 CH 3 

I I 

COOH COOH 

In period III of experiment XIII, 11 6 grams of isocaproic acid 
were given subcutaneously as sodium salt The glucose elimina- 
tion rose from 24 6 grams m the fore period to 25 19 grams, in spite 
of the drop m the nitrogen The D N ratio, which was 3 38 m t e 
fore period and 3 36 m the after period, rose to 3 65 The extra 
glucose eliminated was 1 95 grams In axperiments XIV perio 
XVIII and XIX and m experiment XV period IX, 10 grams 
isocaproic acid as sodium salt were given per os The resw m 
both cases corroborate the results in the first experiment m s ow 


CH 3 ch 3 

V/ 

ch 

i 

j3 — CH 2 

I 

a — CH 2 

I 

COOH 
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that e\tra glucose is formed from isocaproic acid It is true that 
the amount of e\tra glucose does not come up to the theoretical 
value, but, as will be seen from other experiments, theoretical yields 
are not always obtained 

Intermediary metabolism of fatty acids containing an isopropyl 

radical 

CH 3 ch 3 

\/ 

CH 

I 

From the work of Baer and Blum, Embden and our own, it is ap- 
parent that all compounds containing an isopropyl radical undergo 
demethylation The question of interest in this connection is, 
m what way does the methyl radical dissociate from the rest of the 
molecule 9 Baer and Blum have advanced the suggestion that the 
CH 3 may leave the molecule and an OH radical take its place 
They based this suggestion upon the fact that after feeding 20 
grams of isobutyric acid they obtained 0 5 gram of zinc lactate from 
one-half of the twenty-four hours’ urine, and also upon the fact that 
isovalerianic acid gave rise to /3-hydroxybutyric acid We are 
inclined to believe that the methyl radical is removed by a process 
of hydrolysis, the OH going to the methyl radical, forming CHjOH, 
which is oxidized in the body, while the H radical goes to replace 
the CH 3 , forming an acid of the normal series Thus isobutyric 
acid gives rise to propionic acid which m turn may give rise to lactic 
acid Isovalerianic acid gives rise to butyric acid which m turn 
produces /3-hydroxybutyric acid This also explains why Baer and 
Blum obtained /3-hydroxybutyric acid from a-methylbutync acid 
and failed to get it from a-hydroxybutyric acid 

Intermediary metabolism of ammo-acids containing an isopropyl 

radical 

Embden and Marx 8 m their perfusion experiments found that 
a-amino-valerianic acid gave rise to aceto-acetic acid, while neither 
a-amino-butyric nor a-amino-caproic acids showed any evidence of 

8 Embden and Marx Hofmeisler's Beilrage, \i, p 31S, 190S 
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yielding aceto-acetic acid They drew the conclusion that a-ammo- 
acids suffer oxidation in the a-position giving rise to acids with one 
carbon atom less, while the carboxyl radical is split off, in all proba- 
bility m the form of C0 2 

In the protein molecule we find two ammo-acids which contain 
the isopropyl radical — leucine and valine Halsey 9 fed leucme to 
phlorlnzimzed dogs, and, of six feedings, two showed considerable 
amounts of extra glucose, and four gave entirely negative results 
Recently Dakin published one experiment m which he fed 15 grams 
of i-leucine and obtained 4 grams of extra glucose Neither Halsey 
nor Dakin are inclined to attribute glucogenetic properties to 
leucme 

When we consider leucme in the light of our experiments with 
unsubstituted fatty acids with branched chains, and having m 
mmd Embden’s results, in which he showed that leucme is a 
strong aceto-acetic acid builder, there remains only one possible 
conclusion with regard to the catabohsm of leucine As far as our 
knowledge goes, and as will be shown m a following communication, 
we are fully justified m assuming that all carbons in the a-position 
having an amino radical lose the amino radical and become oxidized 
possibly to the carboxyl state, giving rise to compounds (acids) 
with one carbon less 

For the present we do not include glycocoll or alanme in this 
category Experiments are m progress which will throw light on 
the role of the carboxyl in the formation of glucose from these sub- 
stances 

Leucme m its catabohsm can be assumed to pass through the 
following intermediary stages 
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* Halsey Amer Journ of Physiol , x, p 229, 1903 
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Ordinarily leucine cannot be classed as a glucose-yielding sub- 
stance, but under certain circumstances it may give rise to glucose 
There are certam flora of intestinal bacteria that seem to possess 
the power, of effecting a-oxidation In one of our experiments 
butyric acid, which, when given subcutaneously never yields even 
a trace of glucose, when fed per os gave rise to as much as 3 grams 
of glucose This reaction cannot be explamed in any other way, 
and it seems very possible that the same factors obscured Halsey’s 
two experiments 

When we found that isobutyric acid gave, rise to glucose and 
that isobutyl alcohol could yield an amount of glucose that corres- 
ponds to the conversion of three of its carbons into glucose, we 
were led to the belief that valme m its catabolism was broken down 
to isobutyric acid, and that it would be found to be one of the amino- 
acids that give rise to glucose 
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In his paper on the “Intermediary Metabolism of Ammo-acids,” 
Dakin 10 showed that valme yields practically no glucose This of 
course makes our theory more difficult of interpretation, but we 
do not believe it robs the theory of its strength, for the antiketo- 
genetic properties of valine are very similar to those of isobuty nc 
acid, and as will be shown m the future, this property is possessed 
only by compounds capable of forming glucose (The reverse, 
however, is not true, % e , not all compounds that are capable of 
forming glucose possess antiketogenetic properties ) 

SUMMARY 

Experiments were performed on phlorhizinized dogs 

I It was found that isobutyric acid and isobutyl alcohol give 
rise to glucose, probably by undergoing demethylation and b\ 
giving rise to normal fatty acids (propionic acid) 

10 Dakin This Journal, \iv, p 321, 1913 
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II lsovalenamc acid does not give rise to glucose, but to large 
quantities of aceto-acetic acid, acetone and /3-hydroxybutync acid 

III Isocaproic acid was found to give rise to glucose, probably 
having, by a process of demethylation, formed normal valerianic 
acid, which became oxidized to propionic acid 

IV Isobutyric acid, in certain cases, possesses very marked anti- 
ketogenetic properties 

V It is suggested that isovalerianic acid is one of the intermedi- 
ary stages in the catabolism of leucine 

VI It is also suggested that isobutyric acid may be an inter- 
mediary body in the catabolism of valine 



Experiment XI Twelve-hour periods 
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THE CHEMISTRY OF GLUCONEOGENESIS 1 

IV THE FATE OF SUCCINIC, MALIC AND MALONIC ACIDS IN THE 
DIABETIC ORGANISM, WITH CONSIDERATION OF THE 
INTERMEDIARY METABOLISM OF ASPARTIC AND 
GLUTAMIC ACIDS, PROLINE, LYSINE, ARGININE 
AND ORNITHINE 

By A I RINGER, E M FRANKEL and L JONAS 

(From the Department of Physiological Chemistry of the University of 
Pennsylvania, Philadelphia, Pa ) 

(Received for publication, 4pnl 30, 1913 ) 

Embden and Marx 2 found that on perfusing an extirpated 
liver with blood to which a-ammo-valenanic acid had been added, 
there was an increase m the aceto-acetic acid formation, while 
a-amino-butyric acid and a-ammo-caproic acid gave negative 
results 
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II II 

ch 2 ch 2 > CO ch 2 


CH— NH 2 CH 2 CH 2 CH 2 


COOH 

CH— NHj 

COOH 

ch 2 

1 


1 

COOH 

Aceto- 

acetic 

CH— NH 2 

I 



acid 

1 

COOH 

<x- Amino-butyric 

a-Ammo-valerianic 


a- -Vimno-caproic 

acid — negative 

acid — positive 


acid — negative 


It is evident that a-amino-valeriamc acid must have been 
changed to a four-carbon compound before it could possibly give 
rise to aceto-acetic acid The authors therefore concluded that m 
a-amino-acids the a-carbon, containing the ammo radical, becomes 

1 Aided by a grant from the Rockefeller Institute for Medical Research 

3 Embden and Marx Hofmeisler’s Beilrdge, xi, p 318, 1908 
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oxidized to a carboxyl state, giving rise to a fatty acid with one 
carbon less 

Lusk 3 found that the feeding of 20 grams of glutamic acid was 
followed by an elimination of 13 5 grams of extra glucose 

Ringer and Lusk 4 extended these investigations and found that 
20 grams of aspartic acid yielded as much as 14 9 grams of extra 
glucose These results corresponded to the conversion into glu- 
cose of three of the carbons of either the aspartic or glutamic acid 
molecule It was then suggested that glutamic acid undergoes the 
following changes m the diabetic organism by giving rise to gly- 
ceric acid, which was found capable of forming extra glucose 
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For aspartic acid it was suggested that the molecule may suffer 
oxidation in the a-position, i e , in the carbon containing the amino 
radical, giving rise to hydracryhc acid 
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In this series of researches it was our object to test experi- 
mentally the paths that these ammo-acids may take m t ieir 
catabolism In view of the outcome of Embden and iV arx 
experiments, it suggested itself that glutamic acid may un ergo 
deaminization with oxidation m the a-carbon giving rise o a 

*Lusk Amer Journ of Physiol , xxa, p 174, 190S 
4 Ringer and Lusk Zeitschr f physiol Chem , lxvi, p loo, 
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dibasic acid with one less carbon, 1 e , with four carbons, namely, 
succinic acid If this were true, succinic acid would yield glucose 
in the diabetic animal as readily as does glutamic acid 
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In experiment XVI, period IV, 118 grams (tt) of succinic acid 
as sodium salt were given per os The glucose elimination, which 
was 27 26 in the fore period and 25 02 m the after period, rose 
to 32 74 grams The D N ratio rose from 3 41 to 3 99 The 
amount of extra glucose eliminated was 5 15 grams In experi- 
ment XVII, period XIII, 11 8 grams of succinic acid as sodium 
salt were given subcutaneously The yield of extra glucose was 
much larger, amounting to 9 45 grams 

These two experiments prove very conclusively that succinic 
acid can yield large quantities of extra glucose The question now 
arises — is it merely an incident that these two substances give 
nse to glucose or does it actually prove that glutamic acid passes 
through succinic acid m its intermediary stages of metabolism 9 
We beheve that the latter is the case, and that glutamic acid 
does give rise to succinic acid for the following additional reason 
Succimc acid is found as one of the by-products of alcoholic fer- 
mentation Pasteur 5 proved its presence conclusively and found 
that the quantity of succimc acid bore a relationship of 0 4 to 
0 7 per cent to the fermented glucose He beheved that succimc 
acid was a product of the fermentation of the glucose molecule 
This theory of Pasteur greatly disturbed the then current con- 
ception of Gay-Lussac that a molecule of glucose, m the process 
of fermentation, breaks down to two molecules of alcohol and two 
molecules of carbon dioxide 

C«Hi 0, = 2C H5OH + 2C0 

5 Pasteur Compl rend Acad Sci , ISoS-to 1859, Ann dc chtm et de phys 
(3) lvm, p 323, 1860 
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'During the ne\t forty years this was the subject of a great man} 
investigations and slowly evidence accumulated which tended to 
disprove Pasteur’s theory of succinic acid arising from the glucose 
molecule It was shown that the quantity of succinic acid was 
not proportional to the amount of glucose fermented, but to the 
length of time that fermentation was permitted to go on Buchner 
and Meisenheimer 6 finally succeeded in showing that succinic acid 
was not a product of glucose fermentation, but a product of the 
metabolism of the yeast cell Working with expressed cell-free 
juice of yeast, they could find no succinic acid The problem of 
the origm of succinic acid m the by-products of alcoholic fermen- 
tation was solved definitely by Felix Ehrlich 7 He found that the 
higher alcohols of fusel oil were the products of the protein metabo- 
lism of the yeast cell He then devoted his researches to finding 
the mother substances of succinic acid It was already known 
at that time that bacteria were capable of effecting deaminization 
of amino-acids by splitting off the NH. radical and converting it 
into NH 3 substituting a hydrogen for the removed NH 2 

COOH-CH — CHNH -COOH + H =COOH-CH 1 -CH S -COOH + NH, 

It was also known that m addition to succinic acid small quantities 
of aspartic acid were found in the fermentation mixture It there- 
fore suggested itself to Ehrlich that aspartic acid might be the 
mother substance of succinic acid and that glutamic acid might 
be the mother substance of glutaric acid, which would mean, if 
proven, that yeast cells, like bacteria, are capable of bringing 
about deaminization in a very simple way — by sphtting off NH 2 
and substitutmg a hydrogen for it When he came to subject these 
ideas to the test of experimentation, he found that the addition of 
aspartic acid to fermenting yeast and sugar was followed by no 
mcrease m the succinic acid, but when glutamic acid was added, 
he was able “stets sehr belrachtliche, den normalen Gehalt vieit iiber- 
sleigende Mengen von Bernstevnsaure, zu isolieren ” 

Here we see the direct transformation of glutamic acid into 
succinic acid bx a living cell, and when we compare these resu ts 


* Buchner and Meisenheimer Ber d deulsch chem Gesellsch , xxx x. 
p 3201, 100t), w\i v, p 1529, 1901 

Ehrlich Biochetn Zeilschr , xvm, p 391, 1909 
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with our own in the diabetic organism, we feel fully justified in 
concluding that the path of glutamic acid m metabolism is through 
succinic acid undoubtedly passing through a-hydroxy-glutanc acid 
and -y-hydroxy-butyric acid as intermediary stages 


COOH COOH COOH COOH As yet 

I 111 unknown 

CH2 > CH2 * CH2 * CH2 — “ — > • interme- 

I III diary 

CH2 CH2 CHo CHo stages 

I I l I 

CH— NH 2 CHOH CH 2 OH COOH 

I I 

COOH COOH C0 2 



The fate of aspartic acid m the diabetic 01 ganism 

In the foregoing it was shown that a-amino-glutanc acid (glu- 
tamic acid) becomes catabohzed to succinic acid, which in turn 
gives rise to extra glucose A similar path of catabohsm suggests 
itself for aspartic acid, which is chemically very closely related to 
glutamic acid 
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Aspartic acid, as was shown by Ringer and Lusk, 3 and aspar- 
agine, as was shown by Knopf, 9 can give rise to large quantities 
of glucose In tracing the possible intermediary compounds, one 
should find all of them capable of yielding glucose to the same 
extent as does aspartic acid The first intermediary product of 
aspartic acid after deaminization appears to be malic acid In 
experiment XVI, period II, 13 4 grams (tu) of malic acid as sodium 
salt were administered subcutaneously The amount of glucose 

5 Ringer and Lusk loc cit 

5 Knopf Arch f exp Path u Pharm , \U\, p 123, 1903 
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elimination rose considerably, but not all of it can be attributed 
to the malic acid, because there was a considerable rise m the 
protein metabolism of the same period The D N ratio rose 
from 3 4 in the fore period to 3 97 m the experimental period 
The amount of extra glucose eliminated was 5 94 grains Veiy 
convincing results were obtained m experiment XX, period VII 
13 4 grams of malic acid, neutrahzed with calculated amounts of 
sodium and potassium hydroxide, were given per os The glucose 
elimination rose from 14 grams m the fore period to 21 14 grams, 
in spite of the drop of the nitrogen metabolism The D N ratio 
rose from 3 12 to 5 27 and returned in the after periods to 3 27 
and 3 22 The calculated extra glucose amounted to 8 32 grams 
These two experiments prove very conclusively that malic acid gues 
rise to glucose to approximately the same extent as does aspartic acid, 
and that it may be considered a product of aspartic acid metabolism 
The next question to decide was whether hydracryhc acid and 
malomc acid give nse to glucose Unfortunately we had none of 
the former m our possession and were forced to postpone the ex- 
periment to a future date Malomc acid was administered seien 
times to five different dogs It was found that because of the 
large quantities of alkali necessary to neutralize the acid, it was 
absorbed with great difficulty, and we were never sure that all 
of the administered material was absorbed In some cases it was 
administered per os, in others subcutaneously The oral adminis- 
trations were always followed by diarrhoea The amounts of extra 
glucose produced by malomc acid are here tabulated 
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The results are very low indeed, but it is very likely t a m 
the transformation of aspartic acid to a compound with t ee car. 
bons, the reaction ordinarily does not proceed to a pom o ^ co 
plete oxidation of the terminal carbon It is very ® H 
hydracryhc acid goes over into glucose before the a co o 
becomes oxidized to a carboxyl 
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Intermediary metabolism of lysine, argmme, ornithine and prolme 

In a recent senes of papers, Dakin 10 showed that arginine, ornith- 
ine and proline give rise to glucose, when fed to diabetic dogs, 
while lysine does not give rise to glucose Dakin rightly suggests 
that of the arginine only the ornithine moiety goes over into glu- 
cose It seems to us that ornithine and prolme give rise to glucose 
because of their ability to form succmic acid after undergoing 
deaminization 
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Lysine, on the other hand, after undergoing deaminization, 
becomes converted into glutanc acid and this was shown not to 
be convertible into glucose 



SUMMARY 

Experiments were performed on phlorhizimzed animals 
I It was found that succmic, malic and perhaps also malonic 
acids give rise to extra glucose 

10 Dakin this Journal, mu, p 513, 1913, \iv, p 321, 1913 
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II Evidence was presented to the effect that succinic acid is 
an intermediary body in the metabolism of glutamic acid, orni thin e 
and prolme, which accounts for the conversion of these substances 
mto glucose 

III It is suggested that malomc acid may arise in part from 
the catabolism of aspartic acid 

IV It was also suggested that Iysme m its catabolism passes 
through a glutaric acid stage, which accounts for its non-conver- 
sion into glucose 



Experiment XVI Twelve-hour periods 
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ON THE ACTION OF LEUCOCYTES ON HEXOSES 


FOURTH COMMUNICATION 

ON THE MECHANISM OF LACTIC ACID FORMATION 

By P A LEVENE and G M MEYER 
(F Tom the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, April 30, 1913 ) 

It was reported in a previous communication that by the action 
of leucocytes on d-glucose, d-mannose or d-fructose, d-lactic acid 
was obtained The mechanism of this transformation may be 
interpreted by a process consisting of at least three phases First, 
transformation of the six carbon chain molecule into two three 
carbon chains such as glyceric aldehyde, second, into the formation 
of a substance which would permit a change m the configuration 
of the groups attached to the a-carbon atom (to the carbonyl 
group) , and third, the transformation of the latter substance into 
lactic acid It is evident that the formation of methyl glyoxal 
in the second phase of the reaction could lead the way to lactic 
acid formation by enzymes analogous to those which Knoop and 
Dakin found capable of transforming keto-acids into hydroxy- 
acids At the moment when the previous communication was 
prepared for pubhcation, evidence of the existence of such enzymes 
was lacking, hence the question was referred to as one requiring 
further experimental investigation In fact, experiments m that 
direction were initiated immediately after the observations reported 
m the previous communication had been completed 

Simultaneously with our observation on the transformation of 
the three hexoses mto d-lactic acid, Dakin and Dudley 1 made the 
very important discovery of the presence in animal tissues of an 
enzyme capable of transforming phenyl glyoxal mto the natural 
mandehc acid and later they supplemented it by an observation on 
the transformation of methyl glyoxal mto lactic acid 

1 Dakin and Dudley this Journal, xiv, p 155, 1913 
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The observations of Dakin and Dudley were soon corroborated 
by Neuberg , 2 who observed the transformation of pyruvic aldehyde 
into lactic acid It seemed at first sight that these observations 
ent'rely established the correctness of the view of the mechanism 
of the transformation of he\oses into lactic acid expressed in our 
previous communication However, the conclusion was not abso- 
lutely compelling for the following reasons 

First, under the conditions of the experiments of Dakin and 
Dudley and of Neuberg, hexoses are not converted into lactic 
acid, but remain intact, and it does not naturally follow that an 
enzyme present m autolyzing tissues also is present in the unin- 
jured cells Second, neither Dakm and Dudley nor Neuberg make 
positive statements regarding the absolute absence of bacterial 
growth in their solutions The presence or absence of bacterial 
contammation is an all important factor for the consideration 
of the extent to which the observations of Dakm and Dudley and 
of Neuberg can be applied to the explanation of the mechanism of 
conversion of the d-hexoses into d-lactic acid The enzymes active 
m the conversion of hexoses into lactic acid bring about the forma- 
tion of only the dextro-rotatory substance In the experiments of 
Neuberg a mixture of dl and of the d forms was obtained It is 
not excluded, under such conditions, that by the action of the en- 
zyme only the racemic acid was formed and that the dextro-rota- 
tory isomer owed its origin to bacterial action At the time of 
Dakm and Dudley’s first communication the authors brought no 
evidence of the formation of the optically active acid Third, in 
the work of Neuberg there is a lack of evidence that the d-lactic 
acid was not derived from the liver tissue employed m his experi- 
ment 

By all this we do not for a moment intend to detract from the 
importance of the discovery of Dakin and Dudley and of the obser- 
vations of Neuberg However, we felt that in order to estabhs 
our first view on the mechanism of lactic acid formation from hex 
oses beyond dispute, it was imperative to demonstrate the conver 
sion of methyl glyoxal into d-lactic acid under the same conditions 
which enabled us to bring about the conversion of d-hexoses m 0 

d-lactic acid For these reasons, and with the consent of Dr a , 

1 Neuberg Jhochem Zeitachr , xhx, p 502 
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we continued our experiments which were in progress at the time of 
his first publication 

Our experiments were performed under exactly the same condi- 
tions as those for the conversion of hexoses into lactic acid There 
was an absolute absence of bacterial growth, both aerobic and anae- 
robic Leucocytes and kidney tissue were employed in the experi- 
ments The conversion of methyl glyoxal into lactic acid took 
place with either of the tissues The lactic acid was a mixture of 
dl and of d forms This furnishes convincmg evidence to the view 
that the formation of d-lactic acid from the various d-hexoses is 
conditioned by the mtermediate formation of methyl glyoxal 

CH (OH) CH(OH)CHO — > CHjCOCHO -* CH a CH(OH)COOH 

Controls with leucocytes alone and with kidney tissue alone 
(in quantities equal to those employed m the principal experiments) 
showed the absence of lactic acid 

EXPERIMENTAL 

Leucocytes These were obtained from dogs by injecting turpen- 
tine into the pleural cavity, according to the method previously 
described 

Tissues Rabbits were killed by exsanguination and the kidneys 
removed aseptically, and mmced as fine as possible under sterile 
conditions 

Methyl glyoxal This was prepared from methyl glyoxal-diacetol 
according to Meisenheimer 3 The latter compound was obtained 
by the method of A Wohl and M Lange 4 

Solutions The methyl glyoxal (about 1 gram) was dissolved 
in 10 cc of distilled water and sterilized by passing it through a 
Berkefeld filter The washed leucocytes were suspended in a 
1 per cent Henderson phosphate mLxture to which had been added 
calcium phosphate, 3 grams to each 100 cc of solution The sterile 
methyl glyoxal solution was added last The samp procedure was 
adopted in the experiment with the kidneys 

Lactic acid The mixture of methyl glyoxal with leucocytes 

3 Meisenheimer Ber d deulsch chem Gesellsch , \lv, p 2635, 1912 

4 A Wohl and M Lange Ber d deulsch chem Gesellsch , xli, p 3612, 
190S 
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and kidneys was set aside at 37° for eighteen hours, and then coagu- 
lated by heating and with the addition of sufficient phosphoric 
acid to dissolve the calcium phosphate The filtered solution was 
extracted with ether in a von der Heide extracting apparatus after 
the addition of sodium sulphate and 5 cc of phosphoric acid The 
zinc salt was prepared accordmg to the method previously described 

Bacteriological examination Both aerobic and anaerobic cul- 
tures were made of the solutions prior to their coagulation by Dr 
J Bronfenbrenner, and we desire to express our appreciation for 
his assistance No bacterial growth was obtained m either instance 
after forty-eight hours 

Experiment 1 Methyl glyoxal and leucocytes About 25 cc 
of washed leucocytes were suspended in 100 cc Henderson phos- 
phate solution with 3 grams of calcium phosphate and about 
1 gram methyl glyoxal, and allowed to stand for eighteen hours at 
37° There was obtained 0 283 gram zinc lactate 

0 0811 gram of the recrystallized anhydrous salt after ignition gave 0 0275 
gram ZnO = 33 SO per cent ZnO Calculated = 33 40 per cent 

0 2540 gram zinc lactate in 5 cc water, total weight 5 3622 grams, gave a 
rotation in a 2 dm tube of a =■ — 0 14° (pure D-light) 

Experiment 2 Methyl glyoxal and kidneys Both kidneys of 
a rabbit were minced and added to 100 cc Henderson phosphate 
solution containing 3 grams of calcium phosphate, and about 1 
gram of methyl glyoxal in 10 cc water added There was obtained 
0 2440 gram zinc lactate 

0 0598 gram of the anhydrous salt after ignition gave 0 0198 gram ZnO 
= 33 28 per cent ZnO Calculated = 33 40 per cent 

0 2440 gram zinc lactate dissolved in 5 cc water, total weight 5 8350 grams, 
gave a rotation in a 2 dm tube of a = 0 10° (pure D-light) 



A CONTRIBUTION TO A THEORY CONCERNING THE 
INTERMEDIARY METABOLISM OF CARBO- 
HYDRATES AND PROTEINS 

THE MUTUAL INTERCONVERSION OF a- AMINO-ACIDS, 
a-HYDROXY- ACIDS AND a-KETONIC ALDEHYDES 

By H D DAKIN and H W DUDLEY 
( From the Herter Laboratory, New York ) 

(Received for publication, May 2, 1913 ) 

The object of the following communication is to give a pielimi- 
nary account of certain new observations that appear to be of 
significance m connection with the intermediary metabolism of 
carbohydrates and of protems 1 

It has long been known that lactic acid occupies an exceptional 
position in relation to the metabolism of glucose and of amino- 
acids Its formation from glucose and glycogen has been accepted 
for many years and the work of Embden and his collaborators 2 
demonstrating its production during the perfusion of glycogen- 
rich livers afforded strong support for this view But the first 
really convincing evidence of the decomposition of glucose with a 
formation of lactic acid commensurate with the disappearance of 
glucose was furnished by the admirable experiments of Levene and 
Meyer 3 on the action of leucocytes upon sugars The converse 
change, namely, the conversion of lactic acid into glucose, was 
proved to occur m the diabetic organism by Mandel and Lusk 4 
We may therefore represent the change as follows 

C,H„0« <=> 2 C 3 H t O s 

It is generally conceded that the change represented above cannot 

1 We shall present the experimental details in a paper to be published 
immediately 

- Embden and Kraus Biochem Zeitschr , xlv, p 1, 1912 

3 This Journal, xi, p 361, 1912, and later papers 

4 Amer Journ of Physiol , xvi, p 129, 1906 
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be direct but that intermediate products must take part in the 
reaction Embden and his co-w orkers have considered the possi- 
bility of the formation of lactic acid from glyceric aldehyde and 
from dihy droxyacetone and have been able actually to demonstrate 
lactic acid production from these substances m the liver On the 
other hand we have occupied ourselves with experiments concern- 
ing the possibility of lactic acid formation from methyl glyoxal 
and Levene and Meyer from their work on the action of leucocytes 
on sugars hav e been led to the same consideration. The posabil- 
ity of methyl gly oval being formed from glucose followed from 
Pinkus’ 3 observation of the formation of methyl glyoxal diphenyl- 
hydrazone on treating glucose with caustic soda m the presence of 
phenylhy drazrne The conditions of this experiment do not of 
course preclude complicated rearrangements, but recently we have 
been able to demonstrate the presence of methyl glyoxal m distil- 
lates obtained from the simple treatment of glucose with sodium 
phosphate solution Moreover, Net' held the view that methyl 
glyoxal was the precursor of lactic acid in biochemical reactions/ 
although he apparently abandoned this idea later 7 

We 3 have shown that small amounts of tissue extracts, acting 
under suitable conditions, may transform almost quantitatively 
many grams of methyl glyoxal into Lactic acid in the course of 
a few minutes, so that no question of possible bacterial action 
need be considered We have further shown that blood cells effect 
the same change, and that the active agent is an enzyme which 
is active in the intact animal The enzymes we have named 
“Glyoxalase ” 

Since then we have been able to show the formation of abun- 
dance of lactic acid on perfusing a surviving liver with blood con- 
taining methyl glyoxal It is a noteworthy fact that m even 
case we have obtained a mixture of d and l forms of lactic acid, 
and, as m our previous paper, we are inclined to believe in the pres- 
ence of more than one enzyme of the tyqie of gly oxalase 9 later m 


4 Ber d deuUch chem Gesellsch , xxxi, p 31, 1S93 

* Liebig’s Annalen, cccxxxv, p 279, 1904. 

7 Ibid , ccclvu, p 305, 1907 

‘This Journal, sav, p 155, 1913 _j m ,.rfure»of 

* It is noteworthy that Embden, Baldes and Schmitz obtain ^ 

l and d Lactic acid from glyceric aldehyde Biochem Zeitsc r , 

1912 
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this paper evidence will be adduced showing that many glyoxals 
other than methyl glyoxal may be derived from ammo-acids so 
that it is probable that separate catalysts of the type of glyoxalase 
may be concerned m their metabolism It should be noted how- 
ever that in contmuation of their previous work Levene and Meyer 
have succeeded in showmg that leucocytes and kidney tissue may 
convert methyl glyoxal into lactic acid containing an excess of the 
dextro component, i e , the lactic acid commonly encountered m 
animal tissues 10 

Finally we have been able to show that methyl glyoxal and 
also l lactic acid when given to the diabetic animal yield glucose, 
thus furnishing another link m the chain of reversible reactions 
Whether methyl glyoxal is converted mto glyceric aldehyde prior 
to glucose synthesis is at present undecided but appears probable 
There still remained the question, can lactic acid yield methyl 
glyoxal’ While we can hardly hope at present to detect methyl 
glyoxal in the animal body we are able as the result of new experi- 
ments m vitro to show that this reaction is readily brought about 
In other words, the conversion of methyl glyoxal into lactic acid is a 
reversible reaction 11 It is likely therefore that the action of glyoxa- 
lase is also reversible We were able to demonstrate the conversion 
of lactic acid into methyl glyoxal by simple digestion of aqueous 
lactic acid at 37°C with mtrophenylhydrazine, a substance which 
forms an extremely insoluble derivative with methyl glyoxal 12 
We may therefore picture the relationships between glucose, 
methyl glyoxal and lactic acid as m the following scheme 

C 6 H 12 0« CH 3 CO CHO CH 3 CHOH COOH 

But other substances than lactic acid have close metabolic rela- 
tionships with glucose Experiments upon glycosuric ammals 


10 This Journal, p 551, 1913 Since the appearance of our first communi- 
cation on glyoxalase, an undated paper by Neuberg has appeared ( Biochem 
Zeilschr , xlix, p 502, 1913) in which the conversion of methyl glyoxal into 
lactic acid is described Apparently Neuberg was unaware of our earlier 
work 

11 Cf Proc Chem Soc , 1913, No 130 

13 In addition to methyl glyoxal-dmitrophenylhydrazone, a-mtrophenj 1- 
hydrazino-propionic acid and the nitrophenylbydrazone of pyruvic acid are 
formed Their separation however is easy 
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especially by Lusk and Ringer, and later by one of us 13 have shown 
that many amino-acids are apparently readily converted into 
glucose In a recent paper it was suggested that methyl glyoxal 
might be an intermediate product in some cases at least We 
have now obtained very definite evidence concerning a possible 
mode of conversion of an ammo-acid such as alanme into sugar 

Every a-ammo-acid we have thus far examined ! M has furnished 
evidence that it may undergo dissociation to a limited extent at low 
temperatures m feebly acid solution with formation of a-kelomc alde- 
hydes and ammonia 

It CH NH COOH -»R CO CHO + NHj 

The demonstration of this reaction was only rendered possible 
by the use of a substance such as mtrophenylhydrazme which 
would remove the ketomc aldehyde from the reactmg medium as 
quickly as it was formed It is an extremely easy matter to pre- 
pare methyl glyoxal-dnutrophenylhydrazone from alanme on digest- 
ing it at low temperatures with mtrophenylhydrazme, preferably 
in the presence of a little acetic acid There is little doubt that the 
reaction is reversible, so that we are now in a position for the first 
time to construct an approximate though doubtless incomplete 
scheme for the mterconversion of alanine, lactic acid, methyl 
glyoxal and glucose by a series of reactions only involving the addi- 
tion or removal of water or ammonia 

Glycogen 

i! 

Glucose 

(C6H12O5) 

II 

Lactic acid — > Methyl glyoxal 

(CHj CHOH COOH) (CH 3 CO CHO) 

u Thi 3 Journal, xiv, p 321, 1913, Zeilschr f physiol Chem , Ixvi, p 

14 Including glycine, alanine, valine, leucine, aspartic acid andpheayl 
alanine The reaction in the case of glutamic acid is complicate y 
fact that, as expected, one of its two carboxyl groups is retaine an 
product is relatively soluble 


l > Alanine 

(CH 3 CH NH: COOH) 
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The above scheme is of interest in connection with the mech anisms 
for the maintenance of approximate neutrality m living cells 
It should be noted that alanme may be converted into “neutral” 
methyl glyoxal with liberation of alkaline ammonia, while the methyl 
glyoxal in turn may be converted into acid lactic acid by umon with 
water Furthermore we have found by experiments m vitro that 
the production of lactic acid from methyl glyoxal is promptly 
checked unless provision is made for the neutralization of the free 
acid In addition we find that the conversion of alamne into 
methyl glyoxal and ammonia is greatly accelerated by acids Thus 
it is clear that we are dealing with an exquisitely delicately adjusted 
condition of equilibrium provided with automatic checks guarding 
against undue development of either acid or alkali 

The demonstration of the conversion of amino-acids into a-ke- 
tomc aldehydes seems to us to be of importance in many connec- 
tions It appears probable that a-ketomc aldehydes may represent 
the first step m the metabolism of ammo-acids This hypothesis fur- 
nishes a reasonable explanation of the mechamsm of the conver- 
sion of a-amino-aeids into a-ketomc acids, a reaction so clearly 
demonstrated to occur in the animal organism by Neubauer , 15 
and later by Knoop It is only necessary to assume the formation 
of the corresponding a-ketomc aldehyde from the ammo-acid and 
oxidation of the former Thus we have observed the formation 
of phenyl glyoxylic acid on perfusing a liver with blood containing 
phenyl glyoxal 

R CHNHj COOH -» NH S + R CO CHO — > R CO COOH 

Furthermore it shows why the corresponding hydroxy-acids are 
not obligate steps m the catabolism of ammo-acids, for it is known, 
for example, that a-hydroxy-phenylpropiome acid is relatively 
resistant to change m the body, while phenylalanine and phenyl- 
pyruvic acid are readily oxidized 

In addition it indicates a probable mode of synthesis of ammo- 
acids in living cells from nitrogen-free ketomc aldehydes and 
ammonia 16 Thus it is known that lactic acid and alamne are mter- 

15 Deutsch Arch f Uin Med , xcv, p 211, im,Zeitschr f physiol Chan , 
Kvu, p 4S9, 1910, Kxi, p 153, 1911 

16 We are at present engaged on investigations of this character 
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convertible m the animal body 17 The scheme on p 558 clearly 
indicates a probable mechanism for the reaction 
The formation of a-Letomc aldehydes from ammo-acids has 
an interesting connection with the synthesis of pyrimidine denva- 
tives in the body, as was pointed out m the case of methyl glyoxal 
derivable from glucose by Knoop and Windaus 
Again, the formation of glucose from various amino-acids in 
the diabetic organism is rendered much more intelligible The 
conversion of alanine into glucose has already been referred to 
The case of aspartic acid is particularly instructive Lusk and 
Ringer have shown that three out of the four carbon atoms of as- 
partic acid are convertible mto glucose, and this is precisely what 
would be expected on the basis of /3-ketoiuc aldehyde acid formation, 
for the substance formed, bemg a /3-ketomc acid, would undoubt- 
edly lose carbon dioxide, yielding methyl glyoxal We have had 
no difficulty m actually demonstrating the conversion of aspartic 
acid into a glyoxal-dmitrophenylbydrazone in vitro Aspartic 
acid is therefore at once brought mto biochemical relation with 
glucose, lactic acid and alanine 
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Finally the relation of a-Letonie aldehydes to alcohol formation 
from ammo-acids and from sugar may be mentioned Buchner 
and Meisenheimer’s original experiments on the fermentation of 
methyl glyoxal are unconvincing m the light of present knowledge, 
since w e have shown that much acid may be formed from glyox => 
bj the action of glyoxalase present in the yeast cells New expen 
ments are undoubtedly necessary In the meantime it would seem 
a more attractive hypothesis to assume that the conversion 0 
amino-acids into alcohols as observed by Felix Ehrlich procee s 

11 NeubergandLangstem 1 rch f (,-inat it ) Physiol , Suppl Band,) 
p oU,Embden and Kraus loc cit 
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by way of the ketonic aldehydes rather than by the hydroxy-acids 
as has been assumed 

R CHNHj COOH NH, + R CO CHO 
R CO CHO <=* R C(OH) = CO 
R ©*WH) = CO + HiO = R CH 2 OH + CO 

We are at present engaged in testmg this hypothesis experimen- 
tally 

SUMMARY 

1 It is shown that by a suitable choice of experimental condi- 
tions it is possible to convert at low temperatures a-amino- and 
a-hydroxy-acids into a-ketome aldehydes Lactic acid and alanine 
for example, yield methyl glyoxal 

2 Methyl glyoxal is acted upon by enzymes named “glyoxa- 
Iases," present in the ammal body, with formation of both d- and 
Z-lactic acid When given to the glycosunc ammal methyl gly- 
oxal and both d and l lactic acids yield glucose Methyl glyoxal is 
believed, therefore, to be an intermediate product in the mutual 
interconversion of alanine, lactic acid and glucose 

The relationship m the living cell between alanine, lactic acid, 
methyl glyoxal and glucose is believed to constitute a delicately 
adjusted equilibrium concerned with the maintenance of approx- 
imate neutrality The view is advanced that a-ketomc aldehydes 
may represent the first step in the metabolism of ammo-acids, and 
that the formation of these substances furnishes an adequate 
explanation of the origin of a-ketomc acids from a-amino-acids 
Furthermore it affords an explanation of the fact that a-hydro\y- 
aeids are not obligate steps m the catabolism of most a-ammo- 
acids 

The relation of a-ketomc aldehyde formation is discussed in con- 
nection with the mechamsm of glucose production in the glyco- 
suric ammal, with the synthesis of pyrimidine derivatives, and m 
connection with the mechamsm of alcoholic fermentation 
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